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The  object  of  this  book  is  to  lay  as  complete  a  view  as 

possible  of  the  present  state  of  Chemistry  before  the  British 
Public.  Instead  of  a  new  edition,  it  might,  without  impro- 
priety, have  been  styled  a  new  work.  For  at  least  nine- tenths 
of  the  whole  has  been  written  anew.  The  arrangement  has 
been  considerably  improved  and  simplified,  and  rendered  as 
nearly  scientific  and  natuml  as  the  present  state  of  the  science 
will  arlmit. 

Though  I  have  given  the  title  of  Inorganic  Chemistry  to 
tlie  present  work,  yet  1  thought  it  advantageous  to  include  in 
it  an  account  of  all  the  Acids  at  present  known,  even  tlioee 
derived  from  the  animid  and  vegetable  kingdoms,  because  I 
wished  to  make  it  a  work  to  which  my  practical  Students 
could  apply  for  information  in  every  department  of  Elementary 
Chemistry,  and  many  of  these  acids  are  occasionally  employed 
in  Chemical  researches.  I  intended  also  to  have  introduced 
an  account  of  all  the  lately  discovered  compound  alkaline 
bodies  belonging  to  the  vegetable  kingdom.  But  I  found  that 
this  could  not  be  done  without  swelling  tlie  size  of  the  second 
volume  too  much,  or  obliging  me  to  omit  some  part  of  my 
account  of  tlie  Salts;  which  I  was  unwiUiug  to  do,  because  an 
accurate  knowledge  of  these  bodies  is  indispensable  to  the 
Practical  Chemist,  and  I  was  not  aware  of  any  work  in  the 
Engli^sh  language  where  these  important  bodies  have  been 
described  in  detail.  I  tliought  it  better,  therefore,  merely  to 
give  a  list  of  the  compound  vegetable  alkaline  bodies  in  page 
259  of  the  second  volume,  and  to  reserve  the  description  of 
them  to  a  separate  work,  which  I  propose  to  publish,  on  the 
Chemistry  of  Vegelahk  Btxiies,  I  reserved  tliem  for  that  work 
with  the  less  regret,  because  none  of  them  are  at  present 
employed  as  a  reagent  by  the  practical  Chemist. 
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IV  PREFACE. 

On  turning  over  the  pages  of  these  volumes  I  observed 
several  errata;  some  of  them  due  to  my  own  negligence  and 
some  of  them  errors  of  the  printer;  but  I  have  not  thought  it 
worth  while  to  draw  up  a  table  of  errata,  because  the  attentive 
reader  will  find  no  difficulty  in  correcting  them  for  himself. 
In  the  table  of  the  weights  of  atoms,  printed  in  page  12  of  the 
first  volume,  there  are  some  erroneous  numbers;  which  the 
reader  will  easily  discover  by  comparing  it  with  the  table  of 
the  atomic  weights  printed  in  the  Appendix  to  the  first  volume. 
TThese  errors  were  occasioned  by  my  trusting  to  the  numbers 
which  I  myself  had  deduced  from  my  own  experiments.  But 
when  I  came  to  investigate  the  subject  an  detail^  in  preparing 
the  subsequent  parts  of  the  book)  when  I  compared  my  own 
results  widi  those  of  other  labourers  in  the  same  fields  and 
when  I  had  recourse  in  all  difficult  cases  to  new  experiments, 
I  found  reason,  in  four  or  five  cases,  to  alter  the  numbers 
which  I  had  originally  fixed  on.  The  discovery  of  truth  being 
the  only  object  of  importance,  I  have  never  in  any  case  hesi- 
tated to  sacrifice  my  own  particular  views,  when  the  investi- 
gations of  others  have  produced  sufficient  evidence  that  they 
were  unsound,  I  trust,  therefore,  that  my  atomic  numbers, 
as  given  in  this  work,  (though  it  would  be  too  much  to  affirm 
that  they  are  all  accurate),  will  yet  be  found  much  nearer  the 
truth  than  those  that  preceded  them — ^as  near,  indeed,  as  the 
present  state  of  Experimental  Chemistry  will  enable  us  to  go. 

To  render  the  great  number  of  new  facts  and  new  classes  of 
bodies,  which  have  recently  made  their  way  into  Chemistry, 
intelligible  to  the  reader,  I  was  frequently  under  the  necessity 
of  contriving  new  terms,  and  of  extending  or  altering  the 
present  Chemical  nomenclature,  which  is,  indeed,  allowed  on 
all  hands  to  be  inadequate  to  the  wants  of  Chemistry.  These 
innovations  have  been  as  sparingly  introduced  as  possible ;  but 
it  was  impossible  without  them  to  make  the  present  state  of 
the  science  intelligible  to  the  reader.  Various  attempts  have 
been  made  of  late  years  on  the  Continent  to  introduce  a  new 
Chemical  nomenclature.  But  I  was  unable  to  avail  myself  of 
any  of  these  that  I  have  seen,  because  they  are  all  quite 
unsuitable  to  the  idiom  of  our  language.  I  regret,  however, 
that  I  did  not  see  the  improvements  in  nomenclature  proposed 
by  Mr.  Luun,  in  the  Article  Chemistry,  in  the  Encyclo- 


r 


PHEFACE.  J 

pe^iia  Metropolitana,  till  it  was  too  late  to  avail  myself  nf 
them.  Several  of  them  are  judicious.  But  before  I  saw  them 
I  had  already  introduced  my  owti  iiomendature  into  the  work» 
and  of  course  could  not  afterwards  deviate  from  it^ 

There  h  one  alteration  in  the  present  nomenclature  which 
I  regret  1  did  not  make,  and  which  I  think  is  still  requisite  in 
order  to  prevent  amhiguity.  In  naming*  the  sulphur  acid  salts, 
I  have  prefixed  the  syllables  svfpho  to  the  acid  base  with 
which  the  sulphur  is  united,  making  it  terminate  in  ate  or  itCf 
precisely  as  is  done  with  the  oxygen  acid  salts*  Thus,  mipho- 
hydrate  of  sodium  is  a  salt  composed  of 

1  atom  sulphide  of  hydrogen, 

1  atom  sulphuret  of  sodium. 
In   the  same  way,   suiplto-arsefuate  of  potassium  is  a  com- 
pound of 

1  atom  sulphide  of  arsenic, 

1  atom  sulphuret  of  potassium. 
In  short,  the  syllables  sulpho  prefixed,  always  indicate  a  sul- 
phur salt.  But  there  are  two  oxygen  acids,  which  contain  a 
modification  of  sulphuric  acid,  and  which  have  been  named  by 
their  respective  discoverers,  s^lpho-rinic  ucid^  sulpho-napkiha-- 
lie  acid.  Of  course,  the  salts  which  they  form  will  be  called 
sulpko-vinates^  and  stdpho-naphthahitcs.  Here  the  syllables 
sulpho  occur  itt  salts  containing  an  oxygeu  acid.  To  avoid 
this  ambiguity,  it  would  be  requisite  to  change  sulpho-vinic 
and  sulpho-naphthalic,  into  thio-vinic  and  thio-jiaphthalic^  suIh 
stJtuting  tlie  Greek  term  for  sulphur  (theios),  instead  of  the 
Latin,  preserving  the  affix  sulpho  to  denote  the  sulphur  salts, 
I  have,  on  the  authority  of  MM,  Henry  and  Garot,  given 
an  account  of  an  acid  extracted  by  them  from  the  seeds  of 
white  mustard,  under  the  name  of  sinapic  acid.  From  the 
snbsequent  researches  on  this  subject  by  Henry,  Pelouze, 
Boutron,  and  Robiquet,*  it  appears  that  this  substance  is  not 
an  acid,  but  a  body  wliich  has  been  distinguished  by  the  name 
mmapisine*  1  have  thought  it  unnecessary  to  introduce  this 
new  view  of  the  subject  into  the  Appendix,  because  the  sub- 
stance sinapisine  will  come  under  our  review  hereafter,  while 
treating  oi  vegetable  substances. 


•  8ce  Jotirnal  de  Pluirmncic,  aivu.  :i<i?,  ^71,  t7\i. 
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.  The  account  of  the  salts  in  the  second  volume  having  ex- 
tended to  a  greater  length  than  was  anticipated,  swelled  that 
volume  much  beyond  the  size  of  the  first  To  make  up  in 
some  measure  for  this,  it  was  thought  right  to  place  the 
Appendix  and  Index  at  the  end  of  the  first  volume,  instead  of 
the  second. 

Glasgow,  \si  Augutt^  1831. 


CONTENTS 
OF  VOLUME  FraST. 

PAOB 

Introduction 1 

Part  L  Of  Simple  Substances          .        • '      .        •  51 

Chap.  L     Of  the  simple  supporters  of  combustion  •        •  52 

Sect.  1.  Of  Oxygen 53 

2.  Of  Chlorine 58 

3.  Of  Bromine 70 

4.  Of  Iodine 76 

5.  Of  Fluorine 86 

Chap.  11.  Of  the  simple  addifiable  bases         ...  93 

Sect  1.  Of  Hydrogen 93 

2.  Of  Asote 112 

3.  Of  Carbon 148 

4.  Of  Boron 212 

5.  Of  Silicon 221 

6.  Of  Phosphorus 230 

7.  Of  Sulphur 259 

8.  Of  Selenium 287 

9.  Of  Tellurium 295 

10.  Of  Arsenic 299 

11.  Of  Antimony 315 

12.  Of  Chromium    ..'...  331 

13.  Of  Uranium 341 

14.  Of  Molybdenum 349 

15.  Of  Tungsten 361 

16.  Of  Columbium 370 

.17.  Of  Titanium 377 

Chap.  III.  Of  simple  alkalifiable  bases   ....  388 

Family  I.  Alkaline  bases 391 

Sect.  1.  Of  Potassium 391 

2.  Of  Sodium 412 

3.  Of  Lithium 418 

4.  Of  Barimn 422 


VI  PREFACE. 

The  account  of  the  salts  in  the  second  volume  having  ex- 
tended to  a  gpreater  length  than  was  anticipated,  swelled  that 
volume  much  beyond  the  size  of  the  first  To  make  up  in 
some  measure  for  this,  it  was  thought  right  to  place  the 
Appendix  and  Index  at  the  end  of  the  first  volume,  instead  of 
the  second. 

Glasgow,  la  Augutt,  1831. 


CONTENTS 


OF  VOLUME  FIKST. 


Introduction              .,,,,,.  I 

Part  L  Of  Simple  Substances           ,         •         .        .  51 

Ouip.  I.     Of  the  simple  supporters  of  combustion  *         .  52 

S€ct.  L  Of  Oxygeu       ,,,..*  53 

2,  Of  Ohloriue 58 

3.  Of  Bromine 70 

4.  Of  ladino 76 

5,  Of  Fluorin© 86 

Chap*  IL  Of  the  simple  acidi£&ble  baaes         ...  93 

Sect,  \.  Of  Hydrogen 93 

2.  Of  AKote            ..,,•.  112 

3.  Of  Carbon 148 

4.  Of  Boron 212 

5.  Of  SiUiK>n 221 

6.  Of  Fbo^pborus            .....  230 

7.  Of  Sulphur        ,..-•.  259 

8.  Of  Selenium 287 

9.  Of  Tellurium ,  295 

10.  Of  Arsenic 299 

11.  Of  Antimony 315 

12.  Of  Chromium    .         .                   ...  331 

13.  Of  Uranium 341 

14.  Of  Molybdeoum 349 

15.  Of  Tmigsten 361 

16.  OfColurabiutn 370 

17.  Of  Titanium 377 

Chap.  in.  Of  simple  alkaliBable  bases    ....  388 

Family  I.  Alkaline  bases 391 

SecC  1.  Of  Potassimn     ......  391 

2.  Of  Sodium 412 

3.  Of  Litliiuni 418 

4.  Of  Barium 422 


VI 11 


CONTENTS. 


Si'ct.  5.  Of  Strontium 

6.  Of  Calcium 

7.  Of  Magnesium 
Family  II.  Eartliy  bases 

Sect.  1.  Of  Aluminum 

2.  Glucinum 

3.  Of  Yttrium 

4.  Of  Cerium 

5.  Of  Zirconium 

6.  Of  Thorium 
Family  III.  Difficultly  fusible  bases 

Sect.  1.  Of  Iron     . 

2.  Of  Manganese 

3.  Of  Nickel 

4.  Of  Cobalt 
Famii^y  IV,  Easily  Visible  bases 

Sect.  1.  Of  Zinc     . 

2.  Of  Cadmium 

3.  Of  Lead    . 

4.  Of  Tin      . 
6.  Of  Copper 

6.  Of  Bismuth 

7.  Of  Mercury 

8.  Of  Silver 
Family  V.  Noble  bases 

Sect.  1.  Of  Gold    . 

2.  Of  Platinum 

3.  Of  Palladium 

4.  Of  Rhodium 

5.  Of  Iridium 

6.  Of  Osmium 
Appendix     . 

Of  Vanadium 
Table  I.  Specific  gravity  of  the  gases 
2.  Specific  gravity  of  vapours 
II.  Exhibiting  the  Atomic  Weights  of  Bodies 
III.  The  same  arranged  alphabetically 


PAUB 

430 
434 
446 
450 
451 
457 
460 
464 
469 
475 
479 
479 
510 
526 
536 
543 
543 
552 
557 
569 
584 
604 
611 
627 
639 
639 
656 
673 
679 
685 
693 
701 
701 
704 
704 
705 
713 


INTRODUCTION. 

The  object  of  Chemistry,  as  tlie  science  is  at  present  under*  J^^JJ^^"*^' 
stocH^  w  to  determine  tlie  constituents  of  bodies  and  the  law^ 
whimh  reg^ulate  the  eombinatiorLs  and  separations  of  the  ele- 
inentiiry  imrticles  of  matter.  All  substances  are  either  simple 
or  comptmmL  In  simple  liodies  all  the  ultimate  particles  of 
wirieh  they  are  composed  possess  precisely  the  same  properties ; 
but  from  compound  bodies  at  least  tu^  distinct  kinds  of  par- 
ticles may  be  extracted  possessed  each  of  a  set  of  properties 
peculiarly  its  own.  Thus  all  the  particles  which  we  can  SSf^rSS 
extract  from  a  piece  of  pure  iron  possess  exactly  the  same 
properties.  Tlieir  colour  is  iron  grey,  their  speciiic  j^nty 
about  7*8,  they  are  soluble  with  effervescence  in  sulphuric 
acid,  forming  a  lig^ht  green  solution  having  a  sweetish  and 
astrlne^ent  taste,  capable  of  striking  a  blue  with  pnissiate  of 
potash,  and  a  black  mth  infusion  of  nut  galls.  Iron  then,  as 
far  a>fc  our  cliemical  examination 'of  it  is  capable  of  goings  is  a 
simple  substance.  The  same  obser\'ation  applies  to  gold,  to 
silver,  and  to  the  diamond. 

But  saltpetre  is  a  compound  substance,  for  by  processes  to  ^^^^^ 
be  afterwards  explained,  we  can  extract  from  it  two  sets  of 
particles,  having  each  a  set  of  properties  peculiiirly  its  own. 
These  are  nitric  acid  and  potash.  Nitric  acid  has  a  peculiar 
smell,  an  exceedingly  sour  taste,  reddens  vegetable  blues,  and 
corrodes  and  destroys  the  texture  of  animal  and  vegetable 
substxmces.  When  diluted  \inth  water  it  readily  dissolves  lead, 
copper,  mercur)%  silver,  imd  many  other  metals,  but  does  not 
affect  gold  or  platinum.  Potash,  on  the  contrary,  is  a  white 
substance  destitute  of  smell,  but  having  a  hot  burning  taste, 
and  readily  corro<ling  any  part  of  the  living  body  to  which  it 
is  applied.  It  converts  vegetable  blues  to  green,  readily  dis- 
solves in  water,  and  readily  combines  H-ith  the  different  acids, 
forming  salts  endowed  each  with  peculiar  properties.  Thus 
saltpetre  is  a  compound  of  nitric  acid  and  potash. 

Even  nitric  acid  itself  can  be  resolved  into  two  hinds  of 
matter,  endowed  eacii  with  different  properties.  These  are 
azote  and  t^e^gen;  both  gases,  destitute  of  smell  and  invisible 
and  tasteless  like  common  air.     But  oxygen  is  h€a>der  than 
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azote  in  the  proportion  of  B  to  7,  Wlien  n  liuriiitig  body 
is  pliuigod  into  oxygen  gm  it  continues  to  burn  with  additioiuiJ 
splendour  ;  but  when  pUin^ed  into  azotic  gim  it  \h  extinguished. 
Animals  can  breathe  oxygen  gas  without  ineonvenience ;  but 
any  attempt  to  breathe  azotic  gas,  if  persisted  in  would  be 
attended  with  suffoeatioii.  Thus  nitric  acid  is  u  coni[R>und  of 
nzote  and  OTt/f/ejn  In  like  maimer  potash  is  a  compound  of 
oxygen-,  and  a  metal  to  which  the  name  of  jiotassium  has  lieen 
given.  It  is  white  like  silver,  lighter  thiui  water^  and  so  com- 
f>nstible  that  when  thrown  upon  water  it  immediately  cfitches 
fire,  and  burns  with  a  red  coloured  flame. 

Thus  Siiltpetre  Ls  a  doubly  compound  body,  l>eing  composed 
of  nitric  add  and  potash;  each  of  wliich  constituents  is  also  a 
compound,  the  former  of  ftzote  fuul  oortfgen^  the  latter  of  }X)la^' 
mum  and  oxi/ffen.  We  can  therefore  extract  from  saltpetre 
three  distinct  8obstances,  namely  oxygen,  azote,  and  pot^issiuni. 
Tliese  three  substimces  cannot  be  resolved  into  any  other  kinds 
of  matter ;  as  far  therefore  as  our  knowledge  of  their  constitu- 
tion goes,  they  are  simple  bodies. 

AH  (or  almost  idl)  the  substances  found  upon  the  globe  of 
the  ear  til  have  been  subjected  to  chemical  investigation,  wdth 
a  view  to  determine  which  of  them  are  simple,  and  which  com- 
pound, and  of  what  constituents  tlie  compound  bodies  consist* 
The  result  has  been  that  all  the  animal  and  vegetable  sub- 
stances i^nthout  exception,  and  by  far  tJie  greatest  number  of 
mineral  l>odies,  are  compounds.  The  simple  bodies,  of  which 
these  compounds  are  composed,  have  been  caTefiilly  examined 
and  their  number  iiscertaincd.  Tlic  simple  bodies  at  present 
kno\^Ti  amount  to  53 ;  their  names  are  as  follows. 


Table  nf  ilnu      1  Orvcrpn 

2  Chlorine 

3  Bromine 

4  Iodine 

5  Fluorine 


6  Hydrogen 


7 

8 

9 

10 

11 


Azote 

Carbon 
Boron 

►Silicon 
Phos|ihoriis 


12  Sulphur 


13  Selenium 

14  Arsenic 

15  Antimony 

16  Tellurium 

17  Chromium 

18  Uranium 

19  Molybdenum 

20  Tungsten 

21  Titanium 

22  Columbium 

23  Potassium 

24  Sodium 


25  Lithium 

26  Calcium 

27  Magnesium 

28  Biirium 

29  Slrontium 

30  Aluminum 

31  Ghicinnm 

32  Yttrium 

33  Zirconium 

34  Thoriimm 

35  Iron 

36  Manganese 

37  Nickel 


ae  CoWt 
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44  BiBmiiHi 

49  Platinum 

3S>  Cerium 

45  Copper 

50  Palladium 

40  Zinc 

46  Mercury 

51   RliOfliuin 

4 1   Catlmium 

47  Silver 

52   Iridium 

42  LiHtl 

48  Gold 

53  Onmium. 

43  Tin 

Of  these  53  bodies  all  the  substances  of  nature  hitlierto 
examined  arc  composed.  The  greater  number  of  them  are 
confined  to  the  mineral  kingdom.  Animal  and  vegetable  bodies 
are  composed  of  a  comparatively  smaU  numlier  of  simple  sub- 
stances, which,  however,  from  the  almost  iiifiuite  variety  in 
their  proportions,  give  origin  to  the  vast  number  of  bodies 
whicli  arc  obtained  from  the  animal,  and  more  especially  from 
the  vegetable  kingdom. 

If  we  were  acquainted  with  the  weight,  the  size,  and  tlie  J^f^;{*b^'' 
shape  of  the  idtimate  particles  of  these  simple  bodies,  and  with  *'•«***'*■' 
tlie  laws  which  regulate  their  combinatiorLs  with  each  other, 
the  science  of  chemistry  would  be  in  the  same  state  as 
Astronomy  and  Mechanics,  But  unfortunately  this  Is  far  from 
being  the  case.  Some  little  progress  luis  been  m[ide  in  these 
investigatioiis  of  late  years,  and  we  seem  at  least  to  be  at  last 
on  the  road  wliich  may  ultimately  lea<l  to  a  knowledge  of  the 
laws  which  regulate  chemical  combinations.  But  as  yet  no- 
thing can  be  considered  as  definitely  fixed  or  established.  Every 
thing  is  little  better  than  conjectural.  Before  proceeding  to 
give  an  account  of  tlie  simple  bodies,  and  of  tlie  compounds 
wliich  they  form,  it  will  be  worth  while  to  lay  before  the  reader 
the  present  state  of  our  knowletlge  respecting  die  laws  which 
regulate  the  combinations  of  bodies  with  eadi  otlier.  This 
will  constitute  the  subject  of  this  introduction. 

The  opinion  at  present  entertained  by  Chemists  in  general.  Atom* 
is,  that  mnpl^"  substances  are  aggregates  of  very  minute  particles, 
incapable  of  farther  diminution,  and  therefore  eddied  atoms.* 
Tliis  opinion  liad  been  adopted  by  some  of  the  ancient  philoso- 
phers, Epicurus, for  example;  but  about  the  beginning  of  the 
eighteenth  century,  the  prevalent  belief  was,  that  every  kind 
of  matter  is  capable  of  infinite  division.  This  subject  wuh 
treated  by  Dr*  Keill  in  his  introduction  to  Natural  Philosophy, 
at  conRiderable  length,  in  his  third,  fourth,  and  fifth  lectures, 

»  From  the  Greek  particle  m*  and  the  fcrb  nfjkfuh  to  cut.  The  word  means 
literally,  incapabk  of  hdng  e\d  or  ditmicd. 
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where  those  wlio  uro  interested  in  sucli  dii*ciissions  will  fiiul 
the  notions  generally  entertained  at  that  time  on  the  subject, 
the  mode  of  artswerin^  the  olijecti oris,  and  many  curious  ealcu- 
kitions  upon  the  infinite  subtilty  of  matter. 

What  cliiefly  indneed  moilern  chemist-s  to  adopt  the  notion 
that  sim^de  Ijodies  consist  of  a  cong-eries  of  atoms,  was  the 
observation,  that  they  always  conilune  with  each  other  in  defi- 
nite proportioTis.  For  exainple,  iron  and  snl|>lHir  combine  in 
two  proportions,  and  form  two  sniiihnrets ;  tlie  first  is  a  com* 
pound  of  3*5  iron  +  "2  sulphur,  and  the  second  of  3*5  iron 
^  4  sulphur.  Mr.  Dalton,  udio  first  drew  the  attention  of 
chemists  to  tliis  circumstance,  explained  it  by  supposing'  that 
bodies  are  composed  of  atoms,  endowed  eacli  with  a  peculiar 
weight ;  that  it  is  these  atoms  wliicli  unite  with  each  other 
chemically;  that  the  weight  of  an  atom  of  iron  is  3'5,  iuid  that 
of  an  atom  of  sulphur  2.  The  first  sulphuret  therefore  is  a 
compouofi  of  1  atom  iron,  and  1  atom  Kulphur,  The  second 
of  1  atom  iron,  and  2  at4*ms  sulphur. 

Tliis  explanation,  in  itself  very  plaustble,  lias  been  strengtli- 
ened  by  some  other  ci reams tfuices. 

From  the  hiw  of  the  elasticity  which  prevails  in  the  earth's 
atmosphere,  we  know  the  degrees  of  rarity  correspontling  to 
different  elevations  from  the  surface.  And  if  we  admit  tliat 
air  has  been  rarefied  so  m  to  sustain  only  ji^f  of  an  inch  of  ba- 
rometrical pressure,  we  are  entitled  to  infer  that  it  extends  to 
the  height  of  40  miles,  with  properties  yet  unimpaired  hy  ex- 
treme rarefaction.  If  matter  be  infinitely  divisible,  the  extent 
of  the  atmosphere  must  be  equally  infinite.  But  if  air  consist 
of  ultimate  atoms,  no  longer  divisable,  then  miLst  the  expan- 
?non  of  the  medium  composed  of  them  cease  at  that  distance 
where  the  force  of  gravity  down\mrds  upon  a  single  particle, 
is  equal  to  the  resisting  force  arising  from  die  repulsive  force 
of  the  medium. 

If  the  air  he  composed  of  indivisible  atoms,  our  atmosphere 
may  be  conceived  to  be  a  medium  of  finite  extent,  and  may 
he  peculiar  to  our  planet.  But  if  we  adopt  the  hypothesis  of 
the  infinite  divisibility  of  matter,  we  must  suppose  the  sjime 
kind  of  matter  to  pervade  all  space,  where  it  would  not  be  in 
eqnilibrio,  ludess  the  sun,  the  moon,  and  all  the  planets  possess 
their  respective  shares  of  it  condensed  around  them  ;  in  degrees 
depending  on  the  force  of  their  respective  attractions. 

It  if!  obvious  that  the  atmosphere  of  the  moon,  supposing  it 
to  have  arjy,  could  not  be  perceived  by  us.      For  since  the  den- 
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81  ty  of  ail  atmospliere  of  iiifiiiite  divisibility  at  her  surface  woaltl 
clo)H^iid  upon  die  force  of  lier  gravitation  at  that  point,  it  M'ould 
not  be  greater  thaii  timt  of  our  atJiio^iphere  is,  when  the  earth's 
atCraedon  is  equal  to  tImt  of  the  moon  at  lier  surfaee*  Now, 
thin  takes  place  at  about  5*H>0  milcNt  fnmi  the  earrJi*s  >^urface, 
a  lieight  at  wliich  our  atmosplierej  supposing  it  to  extend  sa 
far,  would  be  quite  insensible. 

But  fiince  Jupiter  is  fully  309  times  greater  than  the  earth, 
die  distance  at  which  hh  action  h  equal  to  gravity,  must  lie  aa 
^  309,  or  about  1 7-6  times  the  earth^s  rarlius.  And  since  his 
diameter  is  nearly  11  times  greater  than  tliat  of  the 
earth,  */y^=  I'ti  times  his  own  ratlins  will  be  the  distance 
frimi  his  centre,  at  w*hich  an  atmosphere  equal  to  our  own, 
should  occasion  a  refraction  exceeding  one  degree.  To  the 
4th  siitellite  this  distance  would  subtend  an  angle  of  about  3° 
07',  so  that  an  increase  of  density  to  3^  times  our  comnmn 
atmosphere,  would  be  more  than  sufficient  to  render  the  4th 
satellite  visilde  to  us  when  behind  the  centre  of  the  planet, 
and  consequently  to  make  it  appear  on  both  sides  at  tlie  same 
time.  It  is  needless  to  say  that  this  does  not  happen  ;  and 
that  the  approach  of  the  satellites,  instead  of  being  retarded 
by  refraction,  is  regukir  till  they  appear  in  actmil  contact — 
showing  that  there  Is  not  that  extent  of  atmosphere  w^hich 
Jupiter  should  attract  to  himself,  from  an  Infinitely  divisible 
medium  filling  space* 

If  the  mass  of  the  sun  be  considered  as  3^30,000  to  that  of 
the  eartli,  the  distance  at  wliich  his  force  is  equal  to  gravita- 
tion, will  be  >/  830.000  or  about  575  times  the  earth's  radius. 
And  if  his  radius  be  111*5  times  that  of  the  earth,  then  this 
distance  will  be  yx"t^j  =  ^'^^  times  tlie  sun's  radius.  But  Dr, 
Wollastoo  has  shown  by  the  phenomena  attending  the  passage 
of  Venus  very  near  the  sun  on  the  '23d  May,  1821,  that  the 
sun  has  no  sensible  atmosphere.  For  the  apparent  and  ctilcu- 
lated  place  of  that  planet  were  the  same  when  the  phoiet  was 
only  53'  15"  from  the  smi's  centre.  M.  Vithil  of  Montjiellier, 
ofeerved  Venus  on  the  30th  May,  1805,  when  her  distance 
from  the  centre  of  the  sun  was  about  46'  of  space,  and  the 
a[>parent  and  calculated  positions  of  that  planet  corresponded. 
These  observations  leave  no  doubt  that  tlie  sun  has  no  sensi- 
ble atmosphere,  and  of  course  are  inconsistent  with  the  notion 
of  the  infinite  divisibility  of  the  matter  of  our  atmosphere.* 

♦  Wolk&ton;  Phil.  Tram,  [82^,  p.  89. 
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The  conversion  of  solid  and  fluid  substances  into  vapour  is 

occasioned  by  the  acctunuktion  of  heat  in  tljem,  which  hy  its 
»tioii  elasticity  overcomes  the  action  of  gravitation,  and  of  cohesive 
attractions,  and  causes  the  particles  to  separate  indefinitely 
from  each  other.  But  if  the  ultimate  particles  of  bodies  be 
a  torn  9  J  incapable  of  farther  division  or  diminution,  it  k  ol>vious 
that  there  must  be  a  limit  to  vaporisation ;  and  that  no  vapour 
-will  be  formed  whenever  the  action  of  gKi\dtiition  or  cohesion 
or  both  is  g^reater  than  that  of  heat.  This  has  been  very  well 
ilhistrated  by  Mr.  Faraday  in  his  paper  on  the  existence  of  a 
limit  to  vaporization.*  It  may  be  worth  while  to  mention  a 
few  of  the  most  remarkable  illustrations  of  the  truth  of  this 
opinion, 

Wlien  some  clean  mercury  is  put  into  the  bottom  of  a  clean 
dry  bottle,  a  piece  of  gold  leaf  attaelied  to  the  under  part  of  the 
stopper  by  which  it  is  closed,  and  the  whole  left  for  some  month.9 
at  a  temperature  between  60^  and  80°,  tlie  gold  leaf  will  be 
found  whitened  by  amalgamation,  in  consequence  of  the  vapour 
which  rises  from  the  mercury  beneath.  Mr*  Faraday  tried  thi.s 
process  in  the  winter  of  1824-5;  but  eoidd  not  succeed, 
Shomng  that  the  ehisticity  of  the  vapour  of  mercury  at  that 
cold  temperatiu-e  was  less  than  the  force  of  gravit)^  upon  it,  and 
that  consecjuently  the  mercury  at  that  time  was  fixed. 

Davy,  in  his  experiments  on  the  electrical  plienomena  exhib- 
ited in  vacuo^  found  that  when  the  temperature  of  the  vacuum 
above  mercury  Vf-im  lowered  to  20°,  no  fiu-ther  diminution  took 
place^  though  the  temperature  was  still  farther  lowered,  Qven 
as  far  m  —20°*  The  reason  doubtless  was,  that  at  20°  mercury 
ceased  even  in  vacuo  to  give  out  vapour. 

Concentrated  sulphuric  acid  boils  at  a  temperature  rather 
higher  than  600**.  Signor  Bellaiu  placed  a  tliin  j>Iate  of  zinc 
at  the  u])per  part  of  a  closed  bottle,  at  the  bottom  of  w^lueh 
was  some  sulphuric  acid.  No  action  took  place  in  two  year«, 
the  zinc  remaining  as  bright  as  at  first;  showing  that 
none  of  the  acid  is  converted  into  vapour  at  common  tempera- 
tures. 

Thus  the  phenomena  of  evaporation,  as  well  as  the  finite 
extent  of  our  atmosphere,  all  tend  to  prove  that  matter  is  not 
infinitely  divisible,  but  tliat  its  ultimate  particles  consist  of 
atoms  incapable  of  any  further  division  or  diminution.  Let 
us  see  how  fiir  our  knowledge  extends  relative  to  these  ultimate 
atoms. 

♦  PhU.  Tranti.  1826,  p.  484. 
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1.  The  size  of  these  ultimate  atoma  is  minute  to  a  degree,  siK  of  antm 
of  whk'li  our  limitotl  imii^mations  caif  form  no  conception.     A 
few  iliuHtratioim  will  rentier  thi**  ^ufficieiidy  evident 

Gold  leaf  w  formed  by  beating  fiae  gold  between  folds  of  vcry  tmau. 
pareliment  and  velhim,  and  finally  betu^een  prepared  ox  gut, 
known  liy  the  name  of  gold  beater's  leaf*  And  it  is  beaten  so 
thin,  that  Mr,  Boyle  fomid  tliat  50-7  square  inches  of  it  weighed 
only  one  grain.  Now,  the  1000th  part  of  a  linear  inch  h 
easily  visible  through  a  common  pocket  glass,  A  square  inch 
therefore  is  di%dsible  into  a  million  of  parts,  visible  through  a 
common  microscope.  Hence  it  follows  that  when  gold  is  re- 
duced to  the  thinness  of  gold  leaf,  jtT,TiJ*(i.5ir(J^^*  ^^  ^  grain  of 
It  may  be  distinguished  by  the  eye.  But  the  gold  that  covers 
silver  wire  is  much  thinner  than  goW  leaf.  Reaumur  has  shown 
that  I  grain  of  gold,  of  the  thinness  which  it  is  upon  gilt  silver 
wire^  will  cover  an  area  of  1400  square  inchen.  It  is  plain 
tliereforc,  that  T,TtT^,iiyo,u?r(i^  ^^  ^  giiun  of  gold  may  be  seen 
tlirongh  a  common  glass.  But  snmll  as  thi^  particle  is,  we 
have  no  rea^ton  for  belieraig  tliat  it  does  not  constitute  a  con- 
sidemble  nimiber  of  ati>ms,* 

I  dissolved  I  grain  of  dry  nitrate  of  lead  in  500,000  grains 
of  water,  and  after  having  agitated  the  solution  passed  through 
it  a  current  of  sulphuretted  hydrogen  gas.  The  whole  liquid 
became  sensibly  discoloured.  Now,  w^e  may  consider  a  grain 
of  water  as  being  about  equal  to  a  drop  of  that  liquid.  And 
a  droji  may  be  easily  so  spread  out  as  to  cover  a  square  inch 
of  surface.  And  under  an  ordinary  microscope  the  Xioiji.tJtny 
of  a  square  incli  may  be  distinguished  by  the  eye.  The  water 
tljcrefore  could  be  divided  into  500,000,000,000  pnrls,  every 
one  of  which,  contained  some  lead  united  to  sulphur.  But  the 
lead  in  a  grain  of  nitrate  of  lea^l  weighs  only  0*02  gr.  It  is 
obvious  therefore,  that  an  atom  of  lead  cannot  weigh  more  than 

5T0*i5^r»i?Ti5t3.(5Ui}^'  "^  **  ^"'  Wlnle  the  atom  of  sulphur 
(for  the  lead  uns  in  combination  with  sulphur,  which  rendered 
it  visible)  cannot  weigh  more  than  ^uTy.trOTifnnjiTTTRF  of  a  gmin. 
The  size  erf  iliese  very  minute  cjuantities  of  matter  might 
easily  be  computed;  but  it  woubl  be  so  small  as  to  render  it 
impossible  for  us  to  form  any  adequate  estimate  of  it.  For 
example,  the  bulk  of  the  portion  of  lead  wliich  may  be  ren- 

•  Those  who  are  curious  to  see  a  minute  account  of  the  rootle  of  making 
gold  Icftf,  and  gilt  wire,  will  6nd  ample  infonnati on  by  consulting  Reaumur. 
Mem.  Puris,  1713.  p.  199.     And  Lewis's  Pliilosophical  Conuiicrce,  p.  i4- 
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dered  visible  by  the  process  above  describedj  would  be  oiily 

EDB.^^j^.^uuionu.tHnTt^li  of  a  cubic  inch. 

2.  But  notii^thstandiiig  tlie  extreme  minuteness  of  the  size 
of  the  ultimate  atoms  of  bodies^  chemists  have  succeeded  in 
determluLng  that  each  of  them  has  a  speciiic  weight,  aiid  in 
fixing  the  ratios  of  their  respective  weight.s  with  a  consider- 
able approximation  to  accuracy.  The  method  of  proceeding 
has  been  to  determine  when  two  bodies  oiute  with  each  other, 
the  weight  of  each  which  enters  into  the  combination.  For  as 
only  the  ultimate  atoms  of  bodies  comliine  with  each  other,  it 
is  clear  that  the  iveight  of  each  constituent  of  tlie  compound 
will  be  in  the  ratio  of  the  weight  of  the  uhimate  particles,  or 
atoms  of  the  respective  bodies.  When  bodies  unite  only  in 
one  proportion,  it  is  natural  to  infer  tluit  the  compound  con- 
sists ultimately  of  one  atom  of  one  body,  muted  to  one  at<»rn 
of  the  other.  Thus,  lead  and  sulpluir  are  usually  found  com- 
bined in  one  proportion,  constituting  galena  or  common  sul- 
p buret  of  lead.  This  compound  consists  of  13  parts,  by  weiglit 
of  lead  united  to  2  of  sulphur.  Hence,  it  is  natund  to  infer 
that  the  weight  of  an  atom  of  lead  is  to  that  of  an  atom  of  sul- 
phur, as  13  to  *2.  In  like  miuuier  there  is  only  one  sulphuret 
of  bismuth  known,  composed  of  9  parts  by  weight  of  bismutli, 
and  t2  of  sulphur.  From  this  we  may  infer  that  the  atom  of 
bismuth  is  to  the  atom  of  sulphur  as  9  to  2,  Now  2  represents 
ing  the  w^eight  of  the  atom  of  sulphur  in  lioth  compounds,  it  is 
clear  that  the  ratio  of  the  atom  of  lead  to  the  atom  of  bismuth 
must  be  that  of  13  to  9. 

Having  tlius  determined  the  atomic  weight  of  sulphur  to  be 
%  we  may  consider  the  compounds  of  sulphur  and  oxygen, 
which  are  no  fewer  than  5.  The  names  and  constitueut.s 
(by  weight)  of  these  respective  compounds  are  as  follows. 


Sulphur 

Osfgen 

Subsulplnirons  acid       2 

+ 

1 

Hyitosulpliiirous  acid    4 

+ 

1 

Sulpliurons  acid            2 

+ 

2 

Sulphuric  acid                2 

+ 

3 

Hjqjosulphuric  acid       4 

+ 

5 

If  2  denote  the  weight  of  an  atom  of  suljihur,  it  is  obvious 
that  hj^iosulphurous  acid  and  hyposulphiiric  acid  eont^un  eiijch  2 
atoms  of  sulphur.  There  can  he  only  1  atom  of  oxygen  in 
hyposuiphurous  and  subsulphurous   acids.      Sulphurous   acid 
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contains  *2  atoms  of  oxygen,  and  sulphuric  acid  3  atoms  of 
oxygen,  combined  each  with  one  atom  of  sulphur.  HypOHul- 
phuric  acid  is  a  com|HunHl  of  '2  atonis  of  sulphur,  and  5  atoms 
of  oxygen,  or  it  is  the  same  thing  a§  if  it  consisted  of  a  parti- 
cle of  HulphurouH,  and  a  particle  of  sulphuric  acid  united  to- 
gether. IHms  it  appears  that  if  2  denote  the  weiij;:lit  of  an 
atom  of  sulphur,  1  will  denote  tlie  weight  of  an  atom  of  oxygen. 

In  nianv  ciLses  it  is  not  easv  to  fix  upon  the  true  number  mmcuitto 
denotmg  tlie  atomic  weight  of  a  body.  We  can  always  infer  tnicwcight. 
that  the  weight  of  one  body  that  enters  into  combination  with. 
anotlier,  either  denotes  the  atomic  weight  of  the  body,  or  at 
least  a  multiple  or  submultiple  of  that  weight;  but,  in  some 
cases  it  may  he  very  difficult  to  determine  which  of  the  lliree. 
Thus,  for  example,  we  have  two  compound**  of  mercury  and 
oxygen,  the  constituents  of  which  by  w*eigkt  are  m  follows. 

MirciifT.  Oxj§UL 

Black  oxide  25       +       I 
Red  oxide     25       +       2 

We  might  consider  the  atom  of  mercurj'  to  be  25.  On  that 
supposition  the  black  oxide  would  be  a  compound  of  1  atom 
mercury  +  1  atom  oxygen,  and  the  red  oxide  of  1  atom 
mercury  -f-  2  atoms  oxygen. 

But  we  might  ako  consider  the  atom  of  mercury  as  only  12'5 
or  the  half  of  25.  In  that  citse  the  red  oxide  wouhl  he  a  com- 
pound  of  one  atom  of  mercury,  and  one  atom  of  oxygen ;  and 
the  black  oxide  of  2  atoms  of  mercury,  juul  one  atom  of  oxygen* 
There  is  nothing  in  these  compounds  that  can  determine  which 
of  these  views  Is  the  right  one.  Both  oxides  are  capalde  of 
combining  witli  acids,  and  of  forming  salts.  The  red  oxide 
is  the  most  permanent,  and  intimate  combination ;  but  the 
black  is  always  first  formed  when  we  attempt  to  combine  mer- 
cury with  oxygen.  In  such  eases  as  this  we  are  left  to  conjec- 
ture or  analogy  to  assist  us  in  deciding  what  number  should 
be  taken  to  denote  the  true  atomic  weight  of  the  body.  We 
see  that  the  atom  of  mercury  weighs  either  25  or  die  half  of 
25 ;  but  which  of  the  t\i''o  it  might  in  the  present  stxite  of  our 
knowledge  be  impossible  to  determine.  In  such  a  case  we 
may  be  allowed  to  refer  to  analogy,  to  enable  us  to  decide  the 
point.  It  was  first  obser\'ed  by  Dulong  and  Petit,  that  when 
the  atomic  weight  of  a  body  is  multiplied  into  its  specific  heat 
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the  product  is  a  constant  quantity.  And  1  have  ehoi^Ti  in  my 
treatise  on  Heat  that  tljk  product  is  always  0-376.  There- 
fore, if  we  divide  0*876  by  tJie  number  denoting  the  specific 
heat  of  mercury,  the  quotient  should  be  tlie  atomic  weight  of 
that  body.  But  the  specific  heat  of  mercury  is  0-03,  tmd 
"«?Vy  =1**^2.  Tills  circumst^mce  furnLshcsa  reason  for  con- 
sideriug  the  true  atomic  weight  of  mercury  to  he  12*5, 

In  like  manner  we  have  two  combiiiutions  of  copper  and 
oxygen,  the  conistituents  of  which  are  as  follows, 

Ctji>{>fr,         Oxygen. 

Red  oxide  of  copper  8     +      1 
Bkck  oxide  8     +     J2 

We  might  consider  the  red  oxide  as  a  compound  of  1  atom 
copper,  and  1  atom  oxgen^  and  the  hlack  oxide  as  a  compound 
of  1  atom  copper,  and  *2  atoms  oxj'gen.  In  that  case  the  atom 
of  copper  woukl  weigh  6. 

But  we  might  represent  the  comtitueuts  of  these  oxides 
also,  tbua — 

Ca\fpN.  Oxygm. 

Red  oxide     8     +     1 
Black  oxide  4     +      1 

According  to  this  view  of  the  compositions,  the  black  oxide 

i|a  compound  of  c»ue  atom  copper,  and  1  atom  oxygen;  and 
flke  red  oxide  of  *2  atoms  copper,  and  1  atom  oxj^gen,  and  the 
atomic  weight  of  copper  woidd  be  4.  Thus  we  are  left  uncer- 
tain whether  tlie  atom  of  copper  be  4  or  8- 

If  we  examine  tlie  nature  of  these  oxides  in  order  to  assist 
#vr  views,  we  find  tJiat  the  black  oxide  is  the  most  intimate  com- 
pound, resembling  in  this  eircnmstance  the  red  oxide  of  mer- 
cury. We  find  that  it  constitutes  the  basis  of  all  the  cupreous 
salts,  and  tliat  if  its  atomic  weight  be  reckoned  5,  tlie  salts  of 
copper  are  compounds  of  one  atom  acid  +  one  atom  base. 
But  ii'  we  make  its  atomic  weiglit  lOj  all  the  cupreous  salts 
contain  2  atoms  of  acid  united  witbone  atom  of  base, — a  pecu- 
liarity which  would  dLstiugnish  them  from  all  the  other  genera 
of  salts.  Firjally  the  specific  heat  of  copper  has  been  deter- 
mined to  he  0-0949.  Now,  if  we  divide  0^370  by  0-0949  the 
quotient  is  ?>9(>'2*  AU  tliese  circimistances  seem  to  leave  no 
ground  for  hesltiition,  in  preferring  4  to  8,  as  the  true  atomic 
weight  of  copper.     If  the  specific  heat  of  copper  were  0*094 
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then  g^l  =  4.  Now  the  difference  between  0*094  and  0-0949 
is  ^eatly  within  the  limit'*  of  error  to  which  the  determination 
of  tlie  specific  heat  of  a  body  is  liable, 

Bnt  there  are  gome  cases  in  which  it  is  very  difficult  to 
decide  what  the  true  atomic  weig'ht  of  a  bo<ly  is,  even  when 
assisted  by  all  the  analogical  consideratioiLs  to  which  we  can  have 
recourse.  Thus  oxygen  and  hydrogen  unite  in  two  propor- 
tions forming  two  compounds,  the  constituents  of  which  are  as 
follows* 

HydrotgOL  OxyfCB* 

Water         .         ,  0  125     +     1 

Deutoxide  of  hydrogen  0-125  +  2 
If  we  consider  \mter  as  a  compound  of  1  atom  oxygen,  and 
1  atom  hydrogen,  the  weight  of  an  atom  of  hydrogen  will  be 
0-1 25,  or  the  eighth  part  of  the  weight  of  an  atom  of  oxygen. 
But  we  might  view  tlie  constitution  of  these  compounds  in 
this  way. 

Water         ,         .  0,125+1 

Deutoxide  of  hydrogen  0*0625     +      1 

The  deutoxide  of  hydrogen,  according  to  this  view  of  the 
compounds,  would  consist  of  one  atom  of  hytlrogen,  iniited  to 
one  atom  of  oxygen,  and  water  of  two  atoms  of  hydrogen 
united  to  one  atom  of  oxygen.  Thus  the  atom  of  hydrogen 
may  either  weigh  0-125  or  0-0625,  which  is  the  lialf  of  the 
former  number. 

If  we  have  recourse  to  analogy  to  guide  us  in  this  difficnlty 
we  find  water  is  by  far  the  most  intimate  of  tlie  two  comliina- 
tioQS,  and  tliat  it  is  always  formed  when  oxygen  and  hydrogen 
enter  directly  into  combination.  We  Ixnd  that  water  combines 
definitely  with  v;uionsl>tMlies,  both  acid  and  idkaliiie;  but  with- 
out neutralizing  their  peculiar  qualities.  But  that  deutoxide 
of  hydrogen  enters  into  no  known  combination.  Tliese  analo- 
gies lead  to  the  inference  that  the  atom  of  hydrogen  weighs 
0-125. 

But  oxygen  and  hydrogen  M'hen  in  a  separate  state  are  both 
gaseous;  and  if  we  suppose  them  to  enter  directly  into  combi- 
nation, and  form  the  two  compounds,  tliese  compounds  mil  be 
composed  as  follows. 

Oxjgcru  Hydroeef}. 

Water  .         .  1  volume     +     2  volumes 

Deutoxide  of  hydrogen    1  +1 

Now  it  is  more  simple  to  consider  tlie  compound  of  1  volume 
of  each  constituent,  as  composed  of  an  atom  of  each,  tlian  to 


INTRODUCTION* 


reckori  I   volume  of  oxygen,  and  2  volumes  of  liydrogcn,  sim 

eqtiiviileiit  each  to  an  atom,     Tliiw  view  of  tlie  subject  would 
leatl  to  the  o|>inion  that  the  atom  of  hydrogen  weighs  only 

In  tills  dilemma  we  may  Imve  recourse  to  the  specific  heat 
of  hydrogen  ga^;,  ^hicli  will  give  tis  data,  from  which  the  true 
atomic  weight  of  hydrogen  h  most  likely  to  he  determined* 
According  to  the  experiments  of  Delaroche  and  Berard,  the 
specific  heat  t\f  }*ydrogen  gas  referred  to  water  is  3**2936. 
Now  j^^V/ft  —  **'114 — -a  number  much  nearer  ©•l^a,  than  to 
0'0625,  Tiie  specific  heat  then  naturally  leads  us  to  deter- 
mine in  favour  of  0*125asthe  true  atomic  weight  of  hydrogen. 

The  following  table  exhibits  the  atomic  weiglits  of  the  simple 
bodies  determined  from  the  best  data  with  which  I  am  ac- 
quainted. 


A 

Atomk 
Weight. 

Oxygen    . 

.        1 

Chlorine  . 

.     45 

Bromine  . 

,      10 

Iodine 

.      15*75 

Hydrogen 

•     0  125 

Azote 

.      P75 

Carbon     . 

,     0-75 

Boron 

.      1 

Silicon 

,     1 

Phosphorus 

,     P5 

Sulphur    . 

.     2 

Selenium  . 

.     5 

Arsenic     . 

.     4-75 

Antimony 

.     5-5 

Tellurium 

.     4 

Chromium 

.     4 

Urainum  . 

.     26 

Molybdenum 

.     6 

Tungsten 

.     1575 

Titiinium . 

,     4 

Coiumbium 

.     18 

Potassium 

.     5 

Sodium     , 

.     8 

Lithium    . 

.     0-75 

Calcium    . 

,     2-5 

Magnesium 

Barium 

Sfrontium 

Aluminum 

Glucinum 

Yttrium     . 

Zirconium 

Thorinum 

Iron 

Manganese 

Nickel 

Cobalt 

Cerium     • 

Zinc 

Cadmium 

Lead 

Tin 

Bismuth    . 

Co|»per 

Mercury   . 

Silver 

(lold  . 

Pkitinimfi  . 

Palladium 

lihodium  , 

Iridium 

Osmimn    . 


Atiiinlc 

Wcighu 
1-5 
8-5 
5-5 
1-25 
2  25 
4-23 
5 

7-6 
3-5 
3-5 
3-25 
3-23 
6-25 
4-25 
7 

13 
7-25 
9 
4 

12-5 
13-75 
25 
12 
6-75 
6-75 
12-25 
12-5 
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It  U  not  unlikefy  tliat  somo  of  these  mimljers  may  be  twice 
ai4  high  as  they  ooght  to  be. 

S,  After  determining  the  ratios  wliich  exist  between  the 
weit^hts  of  the  atoms  of  simpie  btHlies,  the  next  particular 
which  deserves  investigation,  is  the  comparative  size  of  these 
atoms.  Their  absohite  bulk  we  have  seen  is  small  to  a  degree 
that  exceeds  the  utmost  stretch  of  the  imagiTJatioti.  But  from 
the  great  flitTerences  which  exist  between  the  specific  gravities 
of  bodies,  tliere  is  reason  to  suspect  tliat  considerable  differ- 
ences must  exist  hetw^cen  tlie  relative  sizes  of  the  atoms. 

Five  of  the  simple  bcKlies  are  gaseous.  Now,  if  we  were 
to  admit  that  the  same  volume  of  every  gas  contained  the  same 
number  of  atoms,  then  the  atomic  weight  of  a  gaseou^s  body 
divided  by  its  specific  gnivity,  would  give  us  the  ratio  of 
the  volume.  We  have  no  reason  for  supposing  that  etpial 
vohimes  of  azote,  liydrogen  and  chlorine,  do  not  contain  the 
same  number  of  atoms  each.  But  it  is  obvious  that  if  tlie 
weight  of  an  atom  of  hydrogen  be  0*1 'i:"},  or,  in  other  words, 
if  water  be  a  compound  of  one  atom  of  oxygen  and  one  atom 
of  hydrogen,  (since  that  litpiid  is  a  compound  of  1  volume  of 
oxygen,  and  two  volumes  of  hydrogen,)  a  volume  of  oxygen 
must  contain  twice  Jis  many  atoms  as  a  volume  of  i^ydrogen. 

The  specific  gravities  of  these  gajses,  referred  to  oxygen  03 
unity,  are  as  follows* 


CompafBCiYe 


S|>.  gnvlty. 

Oxygen  1 

Hydrogen  00<J'25 

Azotic  0-675 

Chlorine  3-25 


Atomic  wcigbto. 
.       1 

,     0125 
.     1-75 
.     4-5 


Dividing  these  atomic  weights  by  the  corresponding  specific 
gravities^  we  obtain  for  the  volumes, 

Oxygen  2 
Hydrogen  2 
Azote  2 

Chlorine      2 


ilike. 


Tlie  volumes  of  hydrogen,  azote,  and  chlorine  are  all  equal. 
Tlmt  of  oxygen  would  appear  at  first  sight  to  be  only  half  that 
of  the  others,  or  nnity.  But  if  we  recollect  that  half  a  volume 
of  it  contains  as  many  atoms  as  a  whole  volume  of  the  other 
gases  it  is  obvious  that  we  must  consider  its  specific  gravity 


INTRODUCTION. 

not  1,  but  only  0'5;  and  j^Jj  —  2.     So  that  the  volume  of  an 
atom  of  oxyg-eii  h  of  the  sajtie  size  m  that  of  ihe  other  three. 

With  respect  to  solid  aiid  liquid  bodies  there  is  some  uncer- 
tainty of  the  relative  number  of  atoms  eontained  in  a  g^iven 
volume  of  each.  We  Imve  uo  evidence  that  tlie  number  of 
atoms  in  the  same  vohime  of  enck  is  not  the  mnie^  aiut  that  the 
intervals  bi  these  solid  and  liquid  bodies  not  occupied  by  matter, 
does  not  depend  upon  the  relative  size  of  the  atoms.  But  we 
can  produce  no  evidence  whatever  in  fin^our  of  that  opinion* 
The  following  table  exhilnts  the  relative  volumes  of  the  atoms 
of  different  bodies  deterinined  by*bviduig  the  atomic  weight  of 
each  body  by  its  specific  gravity. 


TrW*  of  the 
vol  urn et  uf 
atomic 


Carbon 
Nickel  \ 
Cobalt  f 
Manganese  1 
Copper         i 
Iron  J 

Platinum  1 
Palhtdiiun  j 
Zinc 

Rhodium  1 
Tellurium  > 
Cbromium  j 
Molybdenum 
Silica  1 

Titanium    j 
Caflmiiun . 
Arsenic         'I 
Phosphorus   > 
Antimony     j 


Vciluine  of 
Ihe  Atom. 

1 

1-75 


2 
2.75 


325 

3-5 

8-75 


Tungsten 

Bismuth 

Mercurjf 

Tin 

Sulphur 

Selenium 

Lead 

Gold 

Silver 

Osmium 

Oxygen 

Hydrogen 

Azote 

Chlorine 

Uranium . 

Coliunbium 

Sodiimi 

Bromine  < 

Iodine 

Potansinm 


Volinne  of 
Uie  utmn. 


4*25 


4-66 


5-4 


] 


9-33 

13-5 

14 

15*75 

24 

27 


From  tliis  table  we  see  (if  any  confidence  can  be  put  in  the 
mode  of  calculation,)  that  the  size  of  the  atoms  of  bodies  differs 
cnasideraltly  from  each  other — and  that  carbon  has  the  smallest, 
and  potassium  the  greatest  bulk  of  all  atoms  hitherto  determuied. 

The  atoms  of  manganese,  iron,  an<l  copper,  have  the  same 
size;  and  it  h  just  double  that  of  carbon.  So  that  nature 
appean^  to  have  succeeded  in  the  cbfficult  mathematical  problem 
of  dotd}ling  a  cube.  Phosphorus,  arsenic,  and  antimony,  have 
also  the  sjone  size,  and  it  is  just  double  that  of  iron,  and  quad- 
ruple that  of  carbon. 

Hhoilium,  tellurium,  ami  chromium  constitute  another  group, 
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wKose  atoms  Imve  tlie  mme  voliimt?.  The  size  of  golil,  silver, 
and  ()*4mium,  is  twice  as  great  iw  that  of  tliese  btxUe.***  The 
size  of  the  dmple  gaseous  atoms  is  a  little  more  than  tliriee  that 
of  chromium. 

4.  We  have  no  means  of  forming  any  conclusions  respecting  ^pj  »' 
the  sluipe  of  the  atoms  of  bodies  which  can  he  depended  on. 
It  hiLH  been  eonchided  by  some  that  the  atoms  of  different 
bodies  differ  in  their  shape  as  well  as  in  their  weight  and  size. 
It  has  even  been  eonjeetiired  that  the  reguhir  crystalline  shape 
of  bodies  IS  owing  to  the  reguhu'  shape  of  their  atoms^  And 
Haiiy  thonglit  that  the  shape  of  the  ultimate  particles  of  bcMlies 
conhl  f>e  determined  by  cutting  off  slices  from  crysuds  parallel 
to  all  their  faces,  till  the  sliape  ceased  to  alter.  Thus  if  we 
continue  ever  so  long  cutting  off  slices  parallel  to  the  faces 
of  a  eidie  or  tetraliedron,  what  remains  will  always  continue 
to  be  a  cube  or  a  tetrahedron ;  and  if  we  dissect  an  octahe- 
dron ever  so  long,  we  shall  always  resolve  it  into  octiihedrons 
and  tetrahedrons.  But  this  could  not  give  ns  the  true 
shape*  except  on  the  supposition  of  the  infinite  dimibilitj'  of 
matter. 

Were  we  to  snppose  all  the  atoms  of  matter  to  be  spheres,  ^jjj^ ' 
it  is  plain  that  all  the  different  crystalline  sliapcs  conceivable, 
might  be  formed  by  the  aggregation  of  such  spheres.  Four 
of  them  phiced  in  the  angles  of  a  tetndiedron,  or  eight  of  them 
at  the  corners  of  a  very  small  cube  supposed  existing  in  space, 
would  form  the  rudiments  of  the  tetrahedron  or  cube.  Six 
cubes  applied  to  the  respective  faces  of  the  cube,  would  form 
the  octidiedron.  If  the  atoms  of  botlies  were  attached  to  each 
other  without  any  intervening  space  between  them,  then  some 
conclusions  might  be  drawn  from  the  shape  of  the  cr^^stals 
which  they  form ;  but  as  this  is  not  the  ease,  as  the  empty 
spaces  existing  in  every  body  are  probably  consideralde,  and 
often  certainly  far  exceed  the  portion  of  matter  to  wkich  tlie 
[fthape  is  owing,  it  is  clear  that  no  legitimate  consequences  can 
I  be  dra^m,  relative  to  the  sha|»e  id*  the  atoms  of  matter,  from 
the  figure  which  they  produce  when  they  cohere  together  con- 
stituting a  sensible  mass  of  matter.  Accordingly,  various 
opinions  have  been  advanced  upon  this  subject.  Some  sup- 
pose that  the  atoms  of  all  botlies  are  spheres,  or,  at  lefist 
rendered  spherical  by  the  atmosphere  of  heat  c^)llected  around 
them.  Dr.  WoUaston  was  of  opinion,  that  the  regular  figures 
of  bodies  coidd  be  best  explained  by  tlie  supposing  the  atoms 
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of  bodies  to  be  spheres,  or  sometimes  oblong  spIieroiiU,*     TIiw 
also  wiis  the  opinion  of  Dr.  Hooke. 
ISS^Jnion***      ^^^  there  are  some  e  ire  urn  stances  which  Mcem  searcely  con- 
sistent with  this  supposition,  or  at  least  do  not  seem  easily 
explicable  npon  it,  or  dedneilile  from  it.     The  most  importiuit 
of  tliese^  is  tlie  fact,  that  several  b*>dies  are  eajiablc  of  crystal- 
lixina^  in  two  different  aiid  Incompatible  forms, 
M.  Miteherlieh  has  sliown  that  siiiplmr  may- 
be obtained  crystallized  in  two  different  ways, 
I.    Wheo   it   is  dissolved  in  bisulpburet   of 
carbon,  and   allowed   to   crystallize   sponta- 
,  neously,  it  forms  an  octaliedron  witli  a  rhom- 
bic base,  the  face  P  inclining  on  P  at  an 
angle  of  1 06'=*  20',  and  P  on  1^"  at  an  angle 
of  143^  25'.     2.    When  a  large  qniuitity  of 
sidphm-  is  melted  in  a  pot,  iiiid  allowed  to 
cool  very  slowly  for  fom-  or  five  hoars,  if  the 
thick  crust  formed  on  the  snrlace  be  perfor- 
ated, and  idle   liquid  sulphur  be  allowed  to 
flow  out  by  inverting  the  pot,  large  crystals 
of  sulphur  will  be  found  lining  the  inside  of  the  pot.     The 
primary  shape   of   these   crystals,   is   an   oblique  prism   with 

rhombic  btLses,  in  which  the 

face  M  makes  on  M'  an  an- 

M   >  «'  *  ^   gle  of  90°  S2\  and  P  on  M 

an     angle     of    85°    54'|,f 
Mitcherlich  has  not  noticed  the  fact  with  regard  to  sulphur; 
but  in  general,  when  a  substance  assumes  tw^o  different  and 
incompatible  shapes,  the  specific  gravity  and  the  hanlness  are 
[found  to  differ  as  well  as  the  shape.     The  most  simple  explan- 
ation of  these  two  shapes  of  sulphur,  is  to  admit  that  the  atom 
of  sulphur  has   a  peculiar  shape^  and   that  when   tlie   atoms 
attach  themselves  to  each  other  by  certain  faces,  one  of  the 
primary  forms  is  produced,  and  another  primary  form  when 
^they   cohere   by  other   faces.     The  shape   of  the  atom  may 
that  only  two  different  kinds  of  faces  exist  in   it. 
ben  the  iiggregation  take^  place  by  one  set  of  faces,  the 
intervals  betw^een  the  atoms  may  be  sma|W  than  when  the 
r  other  faces  cohere.     This  would  occasion  a  greater  specific 
gravity  and  a  greater  degree  of  hartbiess.     Sulphur  is  not  the 

♦  Phil,  Trans.  1813,  p,  5L 

f  Ann,  lie  Chim  et  de  Phys   xxfiii.  264, 
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only  isub<^uuiee  wliicli  forms  two  lUfferent  and 

inroniparible  primary  forms.     Several  others 
are  known  to  exist  Uoth  among  salts  and  min-r'' 
erals.     I  may  mention  the  following  as  exam- 
ples : 

Carlmnate  of  lime  is  found  native  crystal- 
lized in  two  jdLstiiiet  forms,   1.  Calcareous  spar 
which    crystallizes    in    obtuse    rhoml)oicls,    Pl 
forming  on  P' an  angle  of  105''  5',     2.  Arra- 
gonite,  which  has  the  form  of  a  riglit  rhombic 
prism,  M  on  M' forming  an  angle  of  116°  10'. 
The  specific  gravity  of  calcareous  spar,  Ls  2-721,  and  that  of 
arnigonite  2-93 L     If  the  hardness  of 
aileareoui*  spar  be  reckoned  3,  that  of 
arnigonite  is  4. 

Bisulphuret  of  iron  or  common  iron 
pjTites^  is  found  crystallized  in  two 
forms:  1.  Common  iron  pvrites  has  a 
cube,  or  perhaps  a  pentagonal  dodeca- 
hedron for  it«  primary  form.  2.  White  or  cocki*comh  pyrites 
lias  a  right  rhombic  prism  for  its  primary  form»  M  on  M'  mak- 
ing an  angle  of  106**.  The  specific  gravity  of  the  farmer  of 
these  varieties,  is  4*9Hl,  that  of  the  other,  4*678. 

The  two  minerals  called  zoisite  and  meiomte^  are  each  of 
them  composed  of  the  same  coni>tituent8^  being  double  sfdt^ 
consisting  of  two  atoms  of  silicate  of  alumina,  and  one  atom  of 
silicate  of  lime;  yet  the  former  crystallizes  in  rhombic  prisms, 
M  on  M'  being  116''  30',  and  the  latter  in  riglit  prisms  with 
square  bases. 

Idocrase  agrees  completely  in  composition  with  one  of  the 
\iurieties  of  garnet,  both  being  double  salt;s  composed  of  one 
atom  of  silicate  of  alumina,  and  one  atom  of  silicate  of  lime  I 
yet  the  former  crystallizes  in  right  square  prisms,  and  the 
latter  in  rhomboidal  dodecahedrons. 

Mitclierlich  observed  that  the  biphosphate  of  soda  crystal- 
lizes sometimes  in  rectangular  octahedrons,  having  usually  a 
rectangular  prism  interposed  between  the  pyramids,  sometimes 
in  right  rhombic  prisma  M  on  M'  making  an  angle  of  93*^  64'.* 

Sulphate  of  nickel  cr^'stallizes  in  ti^^o  different  forms.  When 
the  solution  of  the  salt  is  neutral,  the  crystals  formed  are  right 
rhombic  prisms,  M  on  M'  forming  an  angle  of  about  9F  7\ 


I* 


♦  Ann.  de  Chim.  ct  de  Phys.  xix.  4^12  aiiJ  414. 
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When  the  solution  contains  an  excess  of  acid,  the  crystals 
are  right  square  prisniiJ,  exactly  similar  in  shape  to  those  of 
sulphate  of  miignesia,* 

These  7  examples  (and  probably  others  might  be  adduced) 
are  sufficient  to  show  that  the  same  substances,  united  in  pre- 
cisely the  siuue  proportions^  are  capable  of  crystallising  in  two 
forms  incompatil^e  with  eacli  other.  Now,  if  tfie  atoms  were 
all  spheriad  or  had  all  exactly  the  sfone  form,  ha  \^us  conceived 
to  be  the  ca«»e  l»y  Dr.  Hooke  and  Dr.  Wo  Hast  on,  it  is  not  easy 
to  form  a  notion  how  these  different  forms  could  be  assumed, 
or  at  least  how  they  should  be  limited  to  two.  Were  we  to 
suppose  the  shape  of  the  atoms  to  be  triaugular  prisms,  or 
elongated  cubes,  or  rhomboids,  or  rhomhoidal  prisms,  some 
notion  might  be  formed  1h>w  the  same  atoms  b)^  nniting  by 
their  lateral  or  by  their  terminal  faces,  might  form  biKlies  of 
two  difFereut  shapes,  and  differing  likeuTse  in  their  hardness 
and  specific  gravity. 

But  there  is  another  remark  of  M.  Mitcherlieh  which  may 
vdtimately  lead  to  eousetpienees  of  very  great  importance,  and 
which  accortk  much  better  with  the  notion  that  the  ultimate 
figure  of  all  atoms  is  the  same,  than  that  each  has  a  peculiar 
figure  of  its  own*  He  observed  that  pliosplioric  and  arsenic 
acids  form  with  the  respective  bases,  crystals  having  either 
the  same  shape  or  deviating  from  each  other  only  by  a  very 
small  difference  in  the  obliquity  of  the  correspondrng  faces. 
Tims, 

Biphosphate  of  potash^  1  crystallize  in  the  very  same  octahe- 
Binarseuiate  of  potash,  3  drons    and   four-sided    rectangidar 
prisms,  termiuated  by  four-sided  pymniids, 

Biphosphate  of  animonia,  1  cr\'stallize  under  the  same  formsi, 
Binarseuiate  of  ammoniji,  5  but  with  angles  diflering  a  littl 
from  the  corresponding  salts  of  potash. 

Phosphate  of  soda,  *)  crystallize  both  in  right  rhombic pr 
Arseniate  of  soda,   }  M  on  M'  being  an  angle   of  67**  50' 
in  both  salts.      All   the   secondary   forms   of  both   stdts  are 
similar. 

Phospliate  of  imaraonia/l  crysti^illize  also  in    riglit  rhombic 
Arseniate  of  ammonia.,  5  prisms,   M   on  M    in   the  former 
Wing  84°  80',  an<!  in  the  latter  85°  54\     Tlie  secondary  crys- 
tals in  both  salts  are  also  similar. 

^  See  the  measurement  of  these  cryfltala  by  Mr.  Brooks ;  Annalfl  of  Phi- 
losophy (2d  series),  vi  437.  I  have  aimlysted  both  varieties  without  finding 
any  diflerence  ii\  tlietr  coQif^osttion. 
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Biphosphate  of  barytes,  7  i.»  it  i 

„/  .  ,      ^,     V,       f  crystallize  under  the  same  shape. 

Uiiiarseiiiate  ot  barj^cs,  y     ^  ' 

He  found  likewise  tliat  tlie  following  pjoups  of  stalls  crystal- 
lized each  in  the  same  shape,  and  were  each  identicid  in  their 
eomposition — having  in  eaef»  similar  crystal  the  same  number 
of  atoms  of  acid,  base,  and  water, 

Sulphate  of  manganese 
Sulphate  of  copper 
Sulphate  of  iron 
Sulphate  of  colmit 
Sulphate  of  xinc 
Sulphate  of  nickel 
Sulphate  of  magnesia. 
The  following  13  double  salts  have  also  the  same  <«hape. 
Ammonio — sulphate  of  copper 
iVmmonio — sulphate  of  manganese 
Ammonio — sulphate  of  iron 
Ammonio — ^sulphate  of  col»alt 
Ammonio— sulphate  of  idckel 
Ammonio — sulphatt*  of  zinc 
Ammonio — sulphate  of  magnesia 
Potash — sulphate  of  copper 
Potash — sulphate  of  iron 
Pota<ih — sulphate  of  cobalt 
Potash — sulphate  of  nickel 
Potash — sulphate  of  zinc 
Potash^ — sulphate  of  magnesia* 
M,  Mitcherlich  fartlier  obser\*ed  that  tlie  crystalline  forms 
of  the  siiUs  of  barytes,  stroutian,  and  lead,  resemble  each  other. 
Thus  the  nitrate  of  each  of  these  bodies  is  a  regidar  octahe- 
ihron.     The  sulphate  of  each  is  a  right  rhomliic  prism,  in  which 
M  oil  M  form  t!ie  following  angles ; 

SiJphate  of  barytes  lOF  42' 

— '  strontian  104** 

lead  103°  42* 

The  carbonates  are  aba  right  rhombic  prisms,  having  the 
following  angles : 

Carbonate  of  barytes 

strontian 

lead 

Armgonite 

•  KongL  Vetcnsk.  Acad.  Handl  1B21,  p.  9.    Ann.  de  Chim.  et  de  Phys, 
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The  carbonates  of  iron  and  manganese  have  also  the  same 
shape,  an  obtuse  rhomboid;  P  on  P  in  the  former  107**,  in  the 
latter  107°  20'. 

The  carbonates  of  magnesia,  lime,  and  zinc,  have  likewise 
very  nearly  the  same  forms,  being  also  obtuse  rhomboids.  The 
angle  formed  by  P  on  P  in  carbonate  of  lime,  is  105**  5',  in 
carbonate  of  zinc,  107**  40',  as  determined  by  Dr.  Wollaston. 
Carbonate  of  magnesia  has  never  been  measured;  but  the 
identity  of  form  is  inferred  by  Mitcherlich  from  the  property 
which  it  has  of  crystallizing  indefinitely  with  carbonate  of  lime. 

Potash  and  ammonia,  when  combined  with  the  same  acid, 
give  salts  having  the  same  shape,  provided  the  ammoniacal 
salt  contain  two  atoms  of  water.* 

From  these  facts  M.  Mitcherlich  drew  as  a  conclusion,  that 
when  two  acid  bases  combine  with  the  same  number  of  atoms  of 
oxygen,  and  the  resulting  acids  unite  with  another  body  in  the 
same  proportion,  the  resulting  salts  will  have  the  same  shape. 
He  found  by  experiment  that  when  salts  can  mix  with  each 
other,  and  crystallize  jointly  in  any  proportions,  they  have  the 
same  shape. 

To  substances  (whether  acids  or  bases,)  which  have  the 
property  of  forming  crystals  of  the  same  shape  when  they 
combine  with  other  bodies,  he  has  given  the  name  of  isomor^ 
phous.  And  he  is  of  opinion  that  the  atoms  of  such  bodies 
have  exactly  the  same  shape.  The  following  is  a  list  of  the 
different  groups  of  isomorphous  bodies  which  have  been  hitherto 
recognised. 

morplKnubo. 

*""•  of  copper,  protoxide  of  iron,  protoxide  of  nickel,  protoxide  of 

cobalt 

(2.)  Potash  and  ammonia. 

(3.)  Barytes,  strontian,  protoxide  of  lead. 

(4.)  Titanic  acid,  peroxide  of  tin. 

(5.)  Alumina,  peroxide  of  iron,  deutoxide  of  manganese, 
protoxide  of  chromium. 

(6.)  Phosphorus,  arsenic,  antimony. 

(7.)  Phosphoric  acid,  arsenic  acid,  antimonic  acid. 

(8.)  Chlorine,  bromine,  iodine,  and  fluorine. 

(9.)  Sulphur,  selenium. 

This  subject,  pointing  out  the  identity  or  similarity  of  the 
system  of  crystallization,  which  different  bodies  form  when 

*  Ann  de  Chim.  et  de  F 
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tliey  enter  into  similar  tombinatiojis,  is  iinduiibtedly  liighjy 
worthy  the  attention  of  cliomLsts;  anel  the  science  lies  umler 
considerable  obligntions  to  M.  Mitcherlicb  for  the  very  curious 
foctf*  which  he  ha§  pointed  out.  But  Ids  general  position  that 
atoms  of  btMlies  having  the  siime  shape,  form  identical  crystids, 
imd  that  sucli  atoms  when  they  unite  with  tlie  same  number 
of  atoms  of  oxygen,  of  base,  and  of  water^,  form  crystals  of 
exactly  the  same  shape,  is  belied  by  too  many  examples, 
which  will  readily  occur  to  every  chemist  and  mineralogist,  to 
be  admitted  as  an  establii*hed  tact. 

We  have  no  knowledjj;e  whatever  of  the  shape  of  tlie  ulti- 
mate  atoms  of  bodies.  Mitclierlich  infers  that  phosphorus  and 
arsenic  have  the  isame  shape,  because  phosphoric  acid  and 
arsenic  acid  form  with  bases,  crystiiLs  either  identical,  or  at 
least  differinju^  from  each  other  i>y  very  sliglit  variations  in  the 
inclination  of  the  respective  faces.  But  it  is  not  accurate 
reasoninij!^,  first,  to  infer  the  identity  of  form  of  tlie  simple 
atoms,  from  the  identity  of  the  crystids  formed  l>y  the  com- 
pounds, ami  then  to  deduce  the  identity  of  form  of  the  com- 
pounds from  that  of  the  simple  atoms. 

The  oidy  point  which  M,  Miteherlich  has  established,  and  ^^*J^^J'"*' 
it  is  a  very  important  one,  is,  that  when  two  salts  have  the  f ""?  ^'^,^' 
same  crystalline  form,  tliey  may  be  mixed  together  and  crys-  *f* 
taliized  in  any  proportion  wliatever.  M.  Bewlaiit  maxle  a  set 
of  experiments  on  the  power  w^iich  certain  salts  have  of  induc- 
ing their  own  form  upon  other  salts,  showing,  that  a  few  per 
cents  of  sulphate  of  iron  jvhen  mixed  with  sidphate  of  zinc  or 
snlphate  of  copper,  cause  these  salts  to  crystallize  in  tlie  shape 
of  sulphate  of  iron**  Dr.  WoUaston  mferred  from  the  trans* 
pareney  of  these  crystals,  that  they  could  not  be  mixtures  of 
sidj»hate  of  iron  wnth  sul|jhate  of  zinc,  or  sulphate  of  copper, 
but  chemical  compounds  of  the  two  salts.  Because  these  salts 
differ  so  much  from  each  otlier  in  tlieir  respective  powers,  that 
mere  mixtures  of  them  ciiuhl  not  he  transparent.f  Miteher- 
lich confirmed  tliese  conclusions  of  WoUa^^ton  by  very  decisive 
experiments.  He  mixed  together  sulphates  of  zinc  and  cop- 
per, and  by  crystallizing  the  mixed  solutions,  obtained  crystals 
having  the  exact  shape  of  sulphate  of  iron,  though  they  did 
not  contain  a  particle  of  this  last  salt.  Sulphate  of  zinc  crys- 
titllizes  in  square  prisms,  sulphate  of  copper  in  ver)'  oblique 
rhombic  prisms,  and  sulpliate  of  iron  in  right  rhombic  prisms 

•  Ann  de  Chini  ct  de  PSiys.  iv.  72. 
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of  an  intermediate  obliquity,  between  that  of  sulphate  of  zinc 
and  sulphate  of  copper.  It  was  obvious  that  these  crystals 
constituted  a  double  salt,  and  accordingly  it  was  found  that  the 
two  salts  existed  in  them  in  definite  proportions. 

Sulphates  of  copper  and  magnesia,  sulphates  of  copper  and 
nickel,  sulphates  of  manganese  and  zinc,  and  sulphates  of 
manganese  and  magnesia,  all  unite  together,  forming  double 
salts  having  the  form  of  the  sulphate  of  iron.  M.  Mitcherlich 
has  shown  that  the  water  of  crystallization  of  these  double  salts 
differs  from  that  of  the  two  constituents,  and  is  the  same  that 
exists  in  sulphate  of  iron.*  Thus  it  has  been  proved,  that  the 
forms  of  the  salts  in  Beudant's  experiments,  was  not  owing  to 
the  influence  of  sulphate  of  iron;  but  to  the  formation  of 
double  salts,  the  form  of  whose  crystals  happened  to  be  the 
same  as  that  of  sulphate  of  iron. 

Mitcherlich  showed  that  the  13  double  salts,  enumerated  in 
page  19  of  this  volume,  may  be  mixed  and  crystallized  in  any 
proportion.  Carbonates  of  lime,  magnesia,  and  iron,  are  found 
native,  mixed  in  an  endless  variety  of  proportions.  This  law 
serves  to  explain  an  apparent  anomaly  which  occurs  in  miner- 
alogy. Mineral  species  consist  of  simple  or  double  salts  united 
to  each  other  in  definite  proportions.  But  there  are  some 
mineral  species,  whose  varieties  differ  so  much  from  each  other 
in  tlieir  chemical  constitutions,  that  it  has  been  impossible 
hitherto  to  establish  their  constitution  upon  satisfactory  princi- 

varieciMin    plcs.     The  most  remarkable  of  these  minerals  species,  are  the 

um&r^^.  garnet,  pyroxene,  amphibole,  and  chrysolite. 

^accounted  rpj^^  garnet  is  a  well  known  mineral  which  crystallizes  in 
rhomboidal  dodecahedrons,  and  lias  usually  a  brownish  red 
colour  and  a  great  degree  of  transparency  and  beauty.  It 
consists  essentially  of  a  double  anhydrous  silicate,  and  might 
therefore  be  subdivided  into  diree  species,  namely, 

1.  1  atom  silicate  of  alumina  7 
1  atom  silicate  of  lime       3 

2.  1  atom  silicate  of  alumina ' 
1  atom  silicate  of  iron 

3.  1  atom  silicate  of  lime  7 
1  atom  silicate  of  iron.  3 

These  three  salts, 

Silicate  of  alumina 
Silicate  of  lime 
Silicate  of  iron, 
*  Ann.  de  Chim.  ct  de  Phys.  xiv.  180. 
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arc  ca]nihlt\  wlicn  united,  of  crystallizing'  under  tlie  same  sliape. 
Heriee,  it  happens,  tliat  we  find  minerals  erystallizmg  like 
gsirnet8  contain infc(  these  three  salts  in  all  proportions,  or  desti- 
tute of  one  of  them,  and  containing  tlie  other  two  oidy. 

Silicate  of  alumina  constitutes  the  mineral  called  bncholzite  ; 
silicate  of  lime  has  not  heen  yet  fourul  in  the  niiuenil  king- 
dom ;  hut  it  is  often  met  with  among"  the  scorije  of  iron  refineries, 
and  frequently  erystiillized.  Silit^ite  of  iron  constitutes  one  of 
the  varieties  of  the  mineral  adletl  chrysolite  or  peridot,  ami  is 
often  met  in  the  scoria^  of  copfier  works.  Thus  the  garnet  \s 
a  compoimd  of  buchokite  and  silicate  of  lime,  or  of  chrysolite 
and  bncholzite,  or  of  silicate  of  lime  and  chrysolite.  And  the 
reason  of  tlie  great  variety  which  exists  in  its  constitufi*»n,  is, 
tliut  these  double  siill%  having  each  tlie  suine  form,  are  rii]>able 
of  being  mixed  in  any  proportion,  without  altering  the  state  of 
the  crystidlization  or  the  form  of  the  crystal. 

Pyroxene  is  lisually  a  double  sidt  cortsistiiig  of  two  blsili- 
cates,  which  are  either  of  the  foHowing : 
Bisilicatc  of  lime, 
Bisilicate  of  magnesia, 
Bisilicate  of  iron. 
Mitclierlich  has  observed  crystals  liaving  the  form  of  pyroxene 
in  iron  scoria*,  and  comj)osed  entirely  of  bisilicate  of  iron, 

Bisilicatc  of  Lime  is  the  mineral  usually  called  tabU'  apar. 

Bisilicate  of  magnesia  is  tlie  mineral  called  pkrosminc, 

Bisilicate  of  iron  Is  bfUait. 
So  tkit  pyroxene  may  be  composed  of  tjible  sfmr,  picrosmiiie 
and  basalt,  united  in  abuost  any  proportions. 

The  constitution  of  ampkiliole  and  peridot,  admits  of  tlie 
same  ex)>lamition. 

If  we  were  to  adopt  the  notion,  that  tlie  atoms  of  all  bodies  lioraoniiium 
are  spheres,  then  the  isomorphism  noticed  by  Mitcherlich  would  idemsty  of 
atlmit  of  an  easy  expbuiation.  It  is  (jbvious,  that  wherever  the 
bulk  of  two  atoms  is  the  same,  one  might  lie  substituted  for 
the  other  without  inducing  any  change  in  the  form  of  tlie 
crystal*  of  which  it  is  a  constituent.  Now,  upon  n*spoc(ing 
the  table  of  the  volume  of  atoms  given  in  jiage  14  of  this 
volume,  it  will  be  seen  that  arsenic,  antimony,  and  phos- 
phorus, have  the  same  bulk.  Thi^  accounts  for  the  remarkable 
isomorphism  pointed  out  in  these  bodies  by  Mitcherlich  and 
Hose.* 

We  have  not  data  to  determine  the  volumes  of  barytes» 
•  Poggcndorfs  AQoalendcr  Physick.  xv.  451. 
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stroiitian>  aiid  oxide  of  lead.  But  we  will  probal>ly  find  dial 
they  have  not  exactly  the  same  bulk,  but  tliat  they  do  oot 
differ  mucii  in  this?  respect*  Indeed^  I  have  no  doubt  that 
isomorphiism  depends  upon  the  idi^ptity  of  volume,  and  that 
the  existence  of  simihir  suites  of  crystals,  differiiijy^  a  little  in 
their  angleSj  like  those  exhibited  by  the  compounds  of  strori- 
tian  and  barytes,  are  owing  to  an  a|>proaeh  to  the  same  volume 
ill  the  atoms,  withuut  actually  reachiJi^  identity. 

Ais  to  the  isomorpliisms  of  alumina,  peroxide  of  iron,  deut- 
oxide  of  man^aiiesej  and  protoxide  of  chroraium,  it  is  inferred 
solely  from  doul*lc  salts,  confciinini^  each  of  these  bases  crystal- 
lizing in  regular  octaliedroiis;  too  slender  a  ground  surely 
to  warrant  such  a  conc4usiou.  For  the  diamond,  sid  ammoniac, 
arsenious  acid,  gold,  red  oxide  of  copper,  and  many  other 
boilies,  the  Lsomorphism  of  which  cainiot  be  maintained,  crys* 
tallize  also  in  regiJiu-  ocudiedrons. 

Upon  the  whole,  then,  tlte  preponderance  of  evidence  is 
rather  on  die  side  of  the  s]>heric^d  form  of  atoms*  Thoug^h 
this  opinion  is  attended  with  difficulties,  which  in  the  present 
state  of  our  knowledge  caiuiot  be  obviated. 

Howeverj  even  were  we  to  admit  that  all  simple  atoms  are 
^here.^  it  is  plain  that  compound  atoms  could  not  be  sj^herical. 
The  particles  of  water  and  of  muriatic  acid  must  be  cylinders, 
being  composed  of  ti^o  equal  spheres  combined  together. 
Protoxide  of  lead  must  be  a  trioicated  cone^  being  formed  of 
two  sphereSj  whose  tliimieters  are  to  each  other  nearly,  as  the 
numbers  2*1  and  1*75.  Protoxides  of  iron  and  manganese, 
and  black  oxide  of  copper,  must  be  also  eqiud  and  similar  eoneSy 
being  composed  each  of  two  spheres,  whose  ditmieters  are 
nearly  as  the  numbers  1-3  and  2*1.  It  is  not  improbable 
four  of  these  cones  may  luiite  together  and  constitute  a  cylbi 
der,  which  may  be  the  state  in  which  these  particles  aggregate 
togetlier  and  constitute  cr}''Stals* 
of  5.  The  foUowuig  are  the  circmnstanccs  which  take  place, 
when  bodies  unite  chemically  with  each  other. 

(L)  The  properties  ami  appearance  of  the  compound  differ 
very  much  from  those  of  its  constituents.  Thus,  there  is  no 
resemblance  whatever  between  water  and  its  two  constituents, 
oxygen  and  liydrogen.  Saltpetre  is  quite  different  from  fiitric 
acid  and  imtaah^  of  which  it  is  composed.  Its  taste  is  cooEng 
and  bitter,  while  that  of  nitric  acid  is  sour,  and  that  of  potash 
caustic  and  hot.  It  is  not  corrosive,  and  may  ex'en  be  taken 
in  small  cpiantitie*'  '•»<      '  e  stomach  with  impunity,  while  ^  ■*'' 
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iiitrie  acid  aiid  potash  are  two  of  tbe  most  corrosive  substances 
ill  nature.  It  produces  no  effect  on  vegetable  blues;  while 
nitric  acid  renders  them  red^  and  potasli  (jreen, 

(*2.)  B*)dies  (as  ba.s  been  tdready  observed)  unite  witii  each 
other  Quly  in  definite  proportions,  wliich  may  be  represented 
by  numbers. 

(ij.)  When  bodies  combine  chemicatlyi  the  union  is  always  ^i  Temper** 
accompained  by  a  change  of  temperature.  Sometimes  the 
temperature  sinks,  but  in  by  far  the  greatest  number  of  cases  it 
rises.  The  increase  of  temjjemtuje  is  usually  proportional  to 
the  rapidity  witli  which  the  combination  takes  place.  In  many 
cases  the  combination  is  so  rapid  that  combustion  is  biduced. 

(4.)  When  two  substances  unite  chemicidly,  the  bulk  of  the  BiukduofM, 
compound  is  very  seldom  exactly  the  sfune  as  tliat  of  its  con- 
stituents.    In  most  cases  the  bulk  diminishes,  thoiigli  in  some 
instances  it  increases. 

When  100  cubic  inches  of  absolute  alcohol,  (sp.  gr.  0-796) 
are  mixed  with  100  cubic  inches  of  >^^ter,  the  spirit  formed 
ijistead  of  200  cubic  inches,  measures  only  195*8  cubic  inches, 
When  tin  and  copper  are  melted  together,  in  order  to  make 
the  metal  of  cannoixs,  tlie  bulk  of  the  compound  is  rather  more 
tlmn  y  yth  less  than  that  of  the  two  metals  before  union.  Brass, 
which  is  a  compound  of  about  B  parts  by  weight  of  copper, 
and  4[  of  zinc^  is  about  j\ytU  less  bulky  tlian  its  two  constituents 
were  before  union. 

When  a  volume  of  azotic  gas  unites  with  half  a  volume  of 
oxygen  gas  into  protoxide  of  azote,  the  bulk  of  tlie  compound 
is  only  1  volume.  So  that  tliese  two  gases  by  uniting,  dimin- 
ish in  volume  one-third  part.  Wlien  charcoal  is  burnt  in 
oxygen  gas,  the  volume  of  tlte  gas  does  not  increase  or  dimin- 
ish, but  its  w^eight  increases  from  1-1111  to  1-5277,  So  tliat 
I'llU  of  oxygen  gsia  has  combined  with  0*4166  of  charcoal, 
without  any  increase  of  volume.  The  condensation  or  dimi- 
iHition  in  bulk  therefore  is  very  considerable* 

On  the  other  hand,  when  copper  and  gold  are  melted 
together,  the  alloy  is  more  bulky  than  the  constituents  w^ere 
before  their  union.  For  example,  when  916^  cubic  inches  of 
gold,  and  8»*)y  of  copper  are  melted  together,  the  compound, 
instead  of  occupying  tlie  sjmce  of  only  1000  cubic  inches, 
amounts  to  1024  cubic  inches,  the  bidk  therefore  has  increased 
rather  more  than  ^^^  d  part. 

When  a  volume  of  azotic  mxA  a  volume  of  oxygen  gas  com- 
bine to  form  dcutoxide  of  azote,  the  new  compoimd  is  still  a 
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I  gas,  and  occupies  the  space  of  hi^o  volumes;  so  that  the  two 

^^K  iiigredieiit.s  have  comliined  \inthout  aheriii^  their  former  bulk. 

^^B  Yet  we  are  sure  that  a  combination  has  taken  pktcc  ;  for  deut- 

^^B  oxide  of  azote  possesses  quite  different  properties,  from  a  mere 

^^1  mixture  of  equal  volumes  of  oxyg-en  and  azote ;  though  the 

^^m  specific  gravity  of  i^ucli  a  mixture  would  he  the  siune  a.s  tliat  of 

^^m  deutoxide  of  azote.     We  caimot  coml)iiie  oxygen  and  azote 

^^B  directly  with  each  other  into  deutoxide  of  jtzote.      But  we  can 

^^m  combine  directly  a  volume  of  hydrogen  gas  with  a  volume  of 

^^m  chlorine  gas  into  muriatic  acid.     The  combination  h  install- 

^^H  taneous  ;md  accompanied  with  combustion:  yet  the  bulk   of 

^^1  the  muriatic  acid  is  precisely  tlie  same  a*!  that  of  the  twu  cou- 

^^B  stitnent.s  l)efore  their  union.     The  s^ame  observation  is  true  of 

^^H  hydriodic  acid,   whicli   is  a   compound  of  equal   volumes    of 

^^1  hydrogen    juid    itHline    vapour  uuited    together  without   any 

^^m  ch^mge  of  bulk. 

^^m  The   compounds  which   the  inetals  form  with  each  other, 

^^m  have  been    hitherto   but   superficiidly   exainmed.     Yet  &ome 

^^M  examplej^  are   known  of  two   metals  which  may  be  smelted 

^^H  together  without  any  altenitioo  of  volmue,  tlunigh  at  the  same 

^^m  time  they  form  a  chemical  union  witli  each  other.     Thus,  M. 

^^m  Kupfer  has  shown,   tliat  when   one  vobune  of  lead  and  two 

^^1  volumes  of  tin  are  melted  together,  the  Imlk  of  the  alloy  Ls 

^^1         just  three  volumes,  so  that  neither  dihrtation  nor  contraction 

have  taken  place.* 
S^J^iindi  ^'  ^^"Ii<^Ji  bodies  are  chemically  united  \i'ith  each  other,  we 
^i^i^m^  cannot  separate  them  again  by  filtration,  or  any  nieehaiiicul 
ch*nic«iiy,  method  whatever.  Heat  sometimes  enables  us  to  pnnhice  a 
sc(>ardtion ;  but  in  the  greater  imnd»er  of  cases  this  expedient 
18  quite  unsuccessfuL  When  a  volatile  substance  is  united  to 
another  which  is  more  fixed,  it  cannot  be  agaiu  separated  80 
easily  by  npplyiug  heat,  as  we  might  be  led  to  exjiect  from 
our  knowledge  of  the  difference  between  the  volatility  of  the 
two  constituents.  Thus,  sulphuric  acid  does  not  boil  till  it  be 
heated  above  000°,  while  water  boils  at  2\''2''.  But  if  we  heat 
a  mixture  of  sulphuric  acid  and  water,  we  will  be  disappointed 
if  we  expect  that  the  water  can  be  driven  off  at  21*2°.  We 
miLst  raise  the  heat  much  higher,  before  tht^  liquitl  begins  to 
distil  over.  And  what  passes  into  the  receiver  is  not  pure 
water,  but  a  compound  of  sulpliuric  acid  and  water.  It  is 
true  indeed,  that  the  acid  remaiinng  in  the  retort  is  more  con- 

♦  Ann.  Jl  t'him.  et  de  Php.  xl 
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centnited  tlian  the  Ikiuid  wliicli  (ILstik  over.  But  after  the 
specific  gravity  of  the  acid  is  raised  as  liigli  as  1*847,  {or  when 
it  con.sists  of  a  eomhiiiation  of  5  acid  and  1*125  water  by 
wei^fht,)  all  farther  eoiiceutration  by  heat  is  at  an  end.  No- 
thing' more  jiasses  into  the  receiver,  till  the  heat  is  rai^sed  to 
the  boilioLT  point  of  the  acid^  and  then  the  whole  comes  over 
coritainin;^  the  add  and  water  still  united  to^etlier, 

Miirtalic  acid  U  a  ^s,  imd  lime  a  fixed  body,  yet  when 
raiiriatic  acid  and  lime  are  united  into  chloride  of  calcium,  no 
heat  that  we  etui  apply  will  separutt*  tlie  two  ingredients  from 
each  otlier.  We  may  heat  the  salt  to  redness  and  fuise  it  to  a 
Fupiiih  l>ut  the  volatile  coustitueut  caiuiot  be  separated  from 
the  fixed  ooe. 

Ammonia  is  a  gaseous  body,  and  nitric  acid  a  liqiud.  When 
united  tliey  constitute  the  salt  called  nitrate  of  ammonia.  No 
beat  which  we  can  a]jply  will  separate  the  ammonia  from  the 
nitric  acid.  When  the  salt  is  heated  to  30(F  it  melts,  ruid 
at  4500  it  undergoes  decomposition,  being  entirely  converted 
into  water  and  protoxide  of  a^ote  ;  all  traces  of  both  the  original 
coti?^tituents  of  the  salt  entirely  liisappearing. 

It  k  therefore  impossible  in  tlie  greater  ntimber  of  eases,  to  nut  by  the 
separate  the  diflferent  ^^iidistances  that  have  been  combinedj  third twdy. 
either  by  median  lail  means  or  by  the  application  of  beaL  But 
by  multiplying  experiments  in  the  w^y  of  mixture,  a  discovery 
has  been  made  which  has  been  of  infinite  itse  to  chemists,  and  has 
greatly  enlarged  their  power  over  a  grt*at  number  of  different 
compounds.  It  has  been  found,  that  the  addition  of  some  tliird 
bwly  to  a  compound  of  two  ingretlients,  wliich  are  strongly 
united  together  !»y  chemical  combination,  will  in  many  caj^es 
dispose  tliem  to  separate  from  each  other*  The  third  botly  unites 
to  one  of  the  consTituents  of  the  compound,  and  sets  the  other 
constituent  at  liberty.  Tints,  if  we  add  potash  in  the  reqtdsite 
quantity  to  a  compound  of  sulphurie  acitl  mid  winter,  it  will 
combine  witli  tlie  acid  and  set  the  water  at  ^ibe^t)^  A  heat 
of  212*  will  now  cause  the  water  to  boil,  and  it  may  be  distilled 
over  completely,  and  almost  as  easily  as  if  the  sulphate  of 
potaish  were  not  present. 

If  we  di&solve  the  compotind  of  muriatic  acid  and  lime  in 
water,  and  add  the  requisite  quantity  of  potash  to  tlie  solution]* 
the  whole  of  tlie  lime  vdW  be  thro\^Ti  dovra,  and  if  after  separat 
ing  it  by  the  filter,  we  evaporate  the  solution,  we  obtain  a  salt 
composed  of  muriatic  acid  and  potash,  or  what  is  now  chilled 
chloride  of  potassiimi.     If,  insteait  of  potash,  we  add  the  requi- 
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site  quaiuity  of  sulphuric  acid  to  the  solution  of  cliloride  of 
calciuiBj  the  muriatic  acid  is  disengsiged  and  may  he  ohtained 
in  a  separate  state  hy  distillalioir,  while  the  lime  and  sulphuric 
aeid  remain  miited  toj>;ether  in  the  state  of  sulphate  of  lime. 

The  whole  art  of  chemistry  consists  in  ibmiiug  compounds 
hy  uuiting  dilfereut  bodies  with  each  other,  and  iu  again 
separating  them  by  the  addition  of  a  third  body.  And  he  is 
the  best  and  most  skilful  chemist,  who  knows  what  the  third 
body  is  which  is  capable  of  producing  the  deeompositious  thut 
he  has  in  \iew. 

7,  What  is  it  that  occasions  these  combinations  wdien  bodies 
are  mixed  with  each  other  ?  mid  how  is  it  that  a  thirtl  botly 
jUy  ex.  properly  chosen,  is  capable  of  putting  an  end  to  eomhinations 
apparently  so  firm? 

Wlien  we  attempt  to  explain  any  curious  phenomenon,  the 
method  which  we  take,  is  to  endeavour  to  show  that  it  may  be 
referred  to  some  principle  witli  wbicli  we  are  already  ac- 
quainted. But  the  jjhenomeua  of  chemistry  bear  so  little 
resemblauce  to  any  thing  else  with  which  mankind  were 
fiimiliar,  that  we  need  not  be  surprised  that  the  first  attempts 
to  explain  them  were  very  unsuccessfid,  AVlien  we  are  told 
tliat  an  ingenious  mechanic  has  contrived  to  move  mi  immense 
mass  of  rock  by  the  force  at  one  man  only,  we  will  not  be 
greatly  surprised,  if  we  are  at  all  acquainted  witli  the  powers 
of  mechanism.  We  know  the  thing  to  be  possilde,  and  that 
the  machine  Ls  merely  a  contrivance  for  increasing  force  at  the 
expense  of  velocity.  But  wdien  the  same  rock  is  moved  by  a 
chemist,  it  is  by  no  means  so  easy  to  un<lerstand  the  ojjcration- 
If  we  are  tohl,  for  example,  that  be  mixed  a  small  qumitity  of 
saltpetre,  charcoal,  and  sulphur  together,  laid  this  mixture 
uiuler  the  rock,  and  having  applied  a  spark  of  fire  to  it,  the 
rock  was  inst4"uitly  thrown  up  with  great  violence  and  velocity 
out  of  its  place — we  find  nothing  here  that  is  reducible  to  the 
common  laws  of  meclianism — no  contrivance  for  uicreasing  the 
force  at  the  expense  of  the  velocity' — we  wonder,  we  are 
astonished ;  but  we  cannot  explain. 

It  was  not  till  after  the  time  of  Lord  Bacon  that  chemistry 
beg?m  to  be  studied  by  men  wtio  were  acquainted  with  other 
branches  of  science.  The  mechanical  powers  of  liodies  being' 
the  most  familiar  of  any,  mankind  have  a  propensit)^  to  employ 
them  in  explaining  the  phenomena  of  nature.  Bacon  recom- 
mended this  sort  of  reasoning  in  preference  to  the  language 
which  was  conmiou  in  his  time  imiong  chemists,  and  Mr.  Boyle 
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afterwTircU  attempted  to  iiitrotiiiee  it  aiid  to  support  it  more 
fuily.  If  was  applietl  in  consequence  with  no  much  boldness 
and  HO  little  jndg-ment  m  to  disgust  men  of  real  discernment, 
and  to  incline  them  to  the  notion,  that  chemical  feiets  could  not 
l»e  explained  in  a  siitisfactory  manner,  by  reasoning  from 
mechanit*al  juinciples. 

The  paper  of  Lemery,  junior,  published  in  tJie  Memoirs  o/'flf  Lemery. 
tfie  French  Acadetnp  for  17H,  entitled  Stir  ies  precipUatinm 
chimupieSj  aflfottls  an  excellent  exiiniple  of  this  kind  of  reason- 
ing. Leniery  was  a  irnin  of  great  celebrity?  and  judging  from 
the  memoirs  which  he  has  left  us,  he  was  possessed  of  consid- 
erable merit.  He  was  a  member  of  the  Academy  of  Sciences 
of  Paris,  one  of  the  most  celebnited  scientific  institutions  in 
Eiu-ope,  mul  his  lucubrations  on  sohrtion  and  precipitation  were 
thought  worthy  of  publication  by  that  learned  body,  24  years 
after  the  appeamnce  of  Newton's  Priiicipia,  and  7  years  after 
that  of  his  Optics. 

According  to  Lemery,  a  fluid  which  has  the  power  of  dis- 
solving a  solid  bfnly*  abounds  with  sharp  aiul  pointed  particles, 
liaring  the  forms  of  needles  or  wt^dges,  which  are  agitjited  in 
the  fluid  with  a  rapid  and  coiifiLsed  intestine  motion.  The 
solid  again,  has  pores  of  siicli  sizes  and  shapes  i\s  are  fitted  to 
the  pouited  |)artieles  of  the  fluid;  these  pores  are  penetrated, 
and  the  solitl  in  consequence  torn  asunder.  The  reason  why 
potash  precipitates  marble  from  its  solution  in  muriatic  acid,  is, 
according  to  Lemery,  because  its  particles  are  porous  and 
spongy,  and  by  this  configuration,  and  by  a  confused  motion, 
they  take  hold  of,  and  break  the  spiculse  of  the  acid  which 
held  the  particles  of  the  lime  attached  to  them.  Nitric  acid 
dissolves  iron  and  copper,  but  not  gohl,  becaitse  the  t^i^o  former 
metals  have  wider  and  more  numerous  pores  tliau  gold. 

But  it  is  needless  to  dwell  at  any  great  length  upon  an  ^JIJj^JJj;'^*'' 
explanation,  which  is  not  only  quite  gratuitous,  but  altogether 
inconsistent  with  itself,  and  founded  on  principles  utterly 
inadequate  to  e3q>lain  the  phenomena  which  it  undertakes  to 
ehieidate.  If  the  pores  of  iron  l>e  wider  than  those  of  gold, 
because  it  is  soluble  in  nitric  acid,  while  gokl  is  not  acted  on 
by  tliat  acid ;  then  the  pores  of  gold  must  be  wider  tlian  those 
of  iron,  because  it  is  dissolved  with  the  greatest  facility  by 
mercury,  though  that  metal  will  n€>t  touch  iron.  Silver  dis^ 
solves  in  nitric  acid  and  not  gold ;  but  in  aqua  regia  gold  dis- 
solves with  facility,  while  silver  remains  undissolved.  We 
cannot  conceive  tliese  sup{)Osed  intestine   motioas  of  fluids, 
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which  are  utterly  inseusilile,  to  cotiriniie  for  ever;  they  must 

^K  of  necessity  stop  one  another,  and  the  particle?^  of  the  liquid 

^H  must  come  to  a  state  of  rest*     Yet  muriatic  acid  though  kept 

^H  for  ages  in  a  stat^  of  rest,  would  dissolve  marble  witli  as  much 

^H  eueri^ry  as  at  first.     We  know,  too,  tliat  solid  liodies  are  ciipa- 

^V  hie  of  actiu£^  upon  aud  dissoUnn^  one  another,  though  it  is 

^m  liot  conceivahle  that  their  particles  should ^be  in  a  state  of 

^K  motion,     nurs,  common  salt  and  snow  when  mixed  togetlier, 

^H  itumediutely  hegin  to  act  upon  and  inutiially'lo  dissolve  one 

^H  another* 

^H  These  attempts  of  Lemery  aud  some  other  similar  ones  were 

^^m  utterly  unsatisfactory — -and  indeed  no  chemical  theory  existed 

^^B  whieli  conneetetl  chemistry  witlr  the  other  parts  of  science,  till 

^B  Newton  puhlishetl  the  second  edition  of  his  C)[ttics,  in  the  year 

^H  1717,     To  the  end  of  this  edition   he  suhjoined   thirty -one 

^H  queries,  the  kst  of  wliici*  relates  to  chemistry.     In  this  query 

^H  he  lays  open  a  view  of  clieniical  comhination  and  decomposi- 

^H  tion,  wliich  is  altogether  his  own,  which  is  much  more  satin- 

^U  factory,  and  which  makes  them  appear  much  more  conformable 

^^  to  the  rest   of  natural  phenomena  than   any  that  hatl    been 

offered  before. 
S^R^wtoIr        Nc'W'ton  had  akeady  thirty  years  before  explained  the  mo- 
tions and  connexion  of  the  heavenly  hollies  witli  one  another, 

I  by  showini^;  that  they  are  retained  in  their  orbits  by  the  same 

^^  power  winch  determines  a  stone  to  fall  to  the  ground— a  power 

^H  usually  cjdled  f/raritation  or  the  attraction  of  gravitation.      He 

^H  conceived  that  there  are  other  forces  or  principles  of  motion  in 

^H  nature,  by  which  certain  bodies  act  or  appear  to  act  at  sensible 

^H  distances  <m  one  another.      This  is  evidently  the  cilsc  with  the 

^H  attractions  and  repulsions  connected  \rith  electricity  and  mag- 

^H  netism ;  he  suspected  that  there  are  still  other  forces  whose 

^B  sphere  of  action  is  still  smaller,  being  confined  to  the  ultimute 

^B  particles  or  atoms  of  bodies — aud  so  small  indeed  lis  to  esaipe 

^H  our  senses,     lliese  actions  or  forces  he  considered  as  manifest 

^H  in  the  attraction  and  cohesion  of  polished  planes  and  metals^ 

^H  in  what  is  called  capUiary  atfraclmn^  and  in  the  utjiectimi  and 

^H  deflertkm  of  light  as  it  passes  near  the  edges  of  solid  bodies. 

^H  He  suspected  that  chemical  combinations  and  decompositions 

^H  depended  upon  powers  somewhat  resembling  the  otliers.      He 

^H  was  of  opiuiou  that  the  ultimate  particles  or  atoms  of  certain 

^H  bodies  attnwjt  each  other  with  an  unknowTj  but  enormous  force, 

^H  which  liegins  to  exert  itself  only  at  very  minute   distances. 
^^^^      Hence  when  such  bodies  are  mixed j  the  particles  of  eacJi  being 
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brought  within  the  reqiibite  distance,  this  force  exerts  it^lf 

and  the  bodies  unite.  The  d£*eoTn  posit  ions  produced  by  the 
addition  of  a  third  l>ody  lie  ascribed  to  the  superiority  of  the 
attraetinn  of  this  tlurd  body  for  one  of  the  constituents  of  the 
eompound,  in  consequence  of  which  it  unite**  with  that  con- 
stituent and  separates  the  other  wliieli  was  pvreviously  in  com- 
bination. Thus  muriatic  acid  dissolves  marble,  because  the 
attractive  force  behveeu  the  particles  of  the  acid  and  those  of 
lime  is  greater  \h an  the  force  by  which  tlie  particles  of  the 
marble  cohere  together^^  and  tlian  the  force  which  united  the 
lime  in  the  marble  to  the  carbonic  acid.  They  are  therefore 
separated  from  each  other,  and  a  particle  of  lime  uniting  to 
every  particle  of  muriiitic  acid,  llie  whole  lime,  if  the  quantity 
of  acid  be  sufficient^  is  equally  diffused  through  tlu^  liquid. 
\V  hen  potash  is  added  the  lime  again  falls  do\nu  becaiLse  the 
potiish  has  a  greater  attraction  for  the  particles  of  the  acid  than 
the  lime  lias;  it  therefore  unites  with  the  acid  and  separates 
the  particles  of  Tune,  which  being  disengaged,  obey  the  laws 
o(  gnivity,  and  fall  to  the  bottom  of  the  vessel. 

These  views  of  Xewioii  made  their  way  into  tlie  science  Affinity  whAt* 
very  slowly ;  but  before  the  middle  of  the  kst  century  they 
seem  to  have  been  almost  universidly  adopted.  Chemists, 
however,  instead  of  the  term  attraction  employed  by  Newton, 
substituted  qffinitif,  first  in  trod  need  into  Chemistry  by  Dr. 
Ht>oke,  and  caught  with  a\^dity  by  the  chemists  on  the  Con- 
tinent. By  cfiemical  affinity  then  is  meant  that  unknowti 
force  which  causes  the  ultimate  particles  of  different  bodies  to 
unite  together  and  to  remain  united.  This  term  is  in  some 
resjieets  preferalde  to  atiraclkm.  Because  this  last  term  natu- 
rally suggests  the  idea  tluit  the  united  bodies  are  drawn  nearer 
to  each  other  than  they  were  before  their  union,  whicli  is  not 
always  the  case.  For  when  hydrogen  and  chh>nue  unite  to 
fonn  muriatic  acid  they  <lo  not  approach  nearer  each  other  than 
they  were  before  their  union ;  and  when  gold  and  copper  are 
alloyed  together  the  volume  of  the  comjjound  increases,  so 
that  the  constituents  appear  to  have  receded  farther  from  each 
other  than  before  they  united.  Affinity  indicating  merely  the 
power  or  the  force  which  produces  the  union,  seems  well  adapted 
for  tlie  purposes  of  science. 

As  soon  as  the  Newtonian  ootii^ns  of  affinity  were  adopted 
by  chemists,  they  naturally  concluded,  that^  when  a  compound 
a  h  was  decomposed  by  the  body  e^  which  combined  with  h^ 
dkengaging  a^  this  was  because  c  had  a  stronger  affinity  for  b 
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than  a  liacl.     Decomposition  therefore  came  to  be  considered 

as  the  measure  of  the  strength  of  affinity.  Dr.  Mayow  of  Oxford 
seems  t4)  have  been  the  first  who  demonstrated  that  bodies  fol- 
low fixed  and  constant  laws  in  their  action  on  each  other.  He 
showed  that  vohitile  alkali  is  separated  from  all  acids  by  the 
fixed  alkalies,  tlmt  nitric  acid  Is  disen^ged  from  saltpetre  hj^^ 
sulphuric  acid,  and  tliat  metals  are  precipitated  from  acids  b|^| 
potash** 

In  the  year  1718,  M*  Geoffroy,  senior,  thought  of  arranging 
bodies  in  the  order  in  which  they  separate  each  other  from  a 
given  substance*!  Bodies  thus  arranged  were  considered  as 
exhiluting  the  order  of  tiie  affiuity  of  the  respective  bodies  for 
tJie  sul>stiince  with  w^hich  they  united ;  that  body  being  placed 
highest  which  liad  the  strongest  affinity  or  w^ns  capalde  of  dis- 
placing all  the  others.  The  rest  of  the  liodies  were  placed  in 
tlie  order  of  their  affinity,  ^H 

GeofFroy's  tables  were  necessarily  very  imperfect.     Tlxe  fir^^ 
great  improvement  of  them  w*is  by  Gellert,  in  his  Metal lurg^ic 
Chemistry,  fii^t  published  in  175  L     In  17iil  a  still  more  exten- 
sive tidde  wiis  given  to  the  chemical  worhl  by  M.   Limbourg. 
Bergman's  Dissertations  on  Eiecfire  Attractions  (as  be  termed 
iiffinihj)  was  first  published  in  1775  in  the  third  volume  of  the 
Memoirs  of  the  Royal  Society  of  Upsahi.     This  work,  after- 
wards republi.shed  by  the  antlior  in  17B3  in  the  third  volume 
of  Ids  Opnseohi,  appears  to  have  fixed  the  opinions  of  cliemist* 
in  general  to  his  own  views  of  the  subject.     According  to  liim 
the  affinity  of  each  of  the  bodies  a,  6,  c,  rf,  &c.  for  a?  differs  in 
intensity  in  such  a  manner  that  the  intensity  of  the  affiiiitv  of 
each  may  be  expressed  by  luunbers.     He  was  of  opinion  ak^^ 
that  affinity  is  elective,  in  consequence  of  which  if  a  have  |^| 
greater  affinity  for  *t  than  b  has,  if  we  present  a  to  the  com-^^ 
pound  h  .r,  x  separates  id  together  from  b  and  unites  to  a,     Thii^i 
barytes  has  a  stronger  affinity  for  sulphuric  acid  tlian  P^ta^^f 
has;  therefore  if  barytes  be  mixed  with  a  solution  of  sulphat^" 
of  pota*(h,  the  sulphuric  acid  \ril!  leave  the  potash  and  combine 
witli  the  barytes.     He  examined  the  alleged  exceptions  to  this 
general  hiw,  and  accovmted  ft^r  them  with  such  plausibility  as 
to  remove  the  doubts  that  bad  hitherto  hmig  over  the  subject, 
Bergman*s  table  of  affinities,  constructed  according  to  the  plan 
of  (ieoftroy,  was  much  more  copious  than  any  that  had  preceded 


•  Mayow  de  Sal  nitro,  p,  232. 
f  Mcuj.  Paris,  1718,  p.  202. 
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ii,  contairiiiig  all  the  chemical  suhs^itaiicesatthat  time  known.  It 
conaistH  of  59  columns.  At  tlie  head  of  each  of  which  is  placed  a 
cliemiad  body?  and  flie  column  is  filled  with  the  names  of  all 
the  substances  which  unite  with  it,  each  in  tlie  order  of  its 
affinity.  Each  column  is  divided  into  two  compartments  by  a 
black  line.  In  the  first  is  exhibited  the  affinities  in  the  order 
of  the  deeompoj^i lions  when  the  substances  are  in  solution.  In 
the  second  compartment  are  exhibited  the  order  of  the  decom- 
positions u'hen  the  substances  are  exposed  to  a  strong  heat,  as 
for  example  by  healing  them  to  redness  in  a  crucible.  The 
first  of  tliese  he  called  the  affinities  by  the  wet  wmj^  the  second 
the  affinities  by  the  dry  way, 

Bi'ri^Tnan's  ojTinion  that  affinity  is  elective,  and  that  the  order 
of  affinities  Is  determined  by  decomposition,  continued  to  he 
iniiversjilly  admitted  by  chemists  tilt  Rertbollet  pul dished  bis 
Dissertation  on  AflBnity,  in  the  third  volume  of  the  Memoirs  of 
the  Institute,  aiul  iiis  Essay  on  Chemical  Statics  in  the  year 
1 803,  He  considered  affinity  as  an  attraction  exhtmg  betHT^en 
the  bodies  which  combine,  and  an  attraction  probably  similar 
to  that  which  exists  betw-een  the  planetary  bodies,  But  as 
those  hmlies  which  obey  tlie  impulse  of  affinity  are  at  a  very 
small  distance  from  each  otljer,  the  streng"th  of  their  affinity 
depends  not  merely  upon  tlie  quantity  of  matter  which  they 
contain,  but  likewise  upon  their  shape.  Affinity  being  an 
attraction,  must  always  produce  combination ;  and  as  the  attrac- 
tion is  analogous  to  that  of  the  planetary  l^odies,  it  follows  as  a 
consequence  in  Bertbollet's  opiiuini,  that  the  affinity  must 
increase  with  the  mnss  of  the  acting  body.  Thus  though  barytes 
has  a  stronger  affinity  for  sulphuric  acid  than  potash;  yet  if  we 
present  a  great  quantity  of  potash  to  a  small  quantity  of  sul- 
phate of  barj-^tes,  the  potash  will  separate  a  portion  of  the  acid. 

Accordinir  to  this  new  doctrine,  affinity  is  not  elective.  A 
substance  which  has  a  stronger  affinity  is  not  capable  of  sepa- 
rating completely  those  which  have  a  weaker  affinity ;  or  if  this 
happens,  some  other  cjuise  intervenes.  Instead  of  separating 
tlie  iveaker  bo<ly,  it  divides  with  it  the  base  to  which  that  lio<ly 
was  united;  each  combining  with  a  part  proportional  to  the 
strength  of  its  affinity  and  the  quantity  present.  This  opinion 
is  exactly  the  opposite  of  the  old  one.  According  to  the  former 
hypothesis,  when  sulphuric  acid  is  dropped  into  nitre,  it  se|m- 
rates  the  whole  of  the  nitric  acid,  and  takes  its  place.  According 
to  BerthoUet,  each  of  the  acids  combines  \iith  a  portion  of  tlie 
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base  of  tlie  nitre,  and  the  portion  wliicli  unlCea  to  each  is  pi 
portional  to  the  strength  of  affinity  and  the  quantity  of  ea 
acid  emp  toyed. 

Rut  it  is  a  matter  of  fact  that  the  addition  of  a  third  body 
frequently  se]>arates  t^^o  substances  previously  united,  the  thtfi|ta^ 
body  takiug  the  pkee   of  one  of  tire   cout^tituent^  which   ^^ 
tlierehy  separated  altogether.    Thus  if  suljihurie  acid  he  dropped 
into  nitrate  of  Inirytes,  tlie  liarytes  coiuhines  witli  it,  heaving  tlM^ 
nitric  aeid  iu  a  diseugage<l  «tate,  while  the  sulphate  of  Imryte^l 
precipitates  to  the  bottom^     Or  if  potash  he  dropped  iiito  a 
solution  of  nitrate  of  lime,  the  lime  preeipitiites  to  the  bottom, 
and  the  alkali  instead  of  it  unites  to  the  acid.     These  facts,  fuid 
many  others  which  will  iuimed lately  occur  to  every  chemist, 
appearing  at  first  sight  contmry  to  Berthollet^s  theory,  it  was 
necessary  for  liim  to  reconcile  them  to  it,     x\ccording  to  him, 
whenever  decomposititju  takes  place  it  m  owing  cither  to  the 
insolubility  or  the  elasticity  of  the  ingredient  Mhicli  separates. 
Sulphate  of  barytes  being  insolulile  in  water,  while  nitrate  of 
barytes  and  nitric  acid  arc  soluble  in  that  Mquid,  it  miLst  happen 
when  tlie  substances  are  mixed  that  the  insoluble  salt  precip^^ 
tates  on  account  of  its  insolubility.     It  is  the  iiLsolubility  <^H 
lime  that  causes  its  preeijntatiou  when  pota&h  is  dropped  iat^^ 
nitrate   of  lime.     Accordingly  when  jjotash   is  dropped   into 
nitrate  of  soda,  no  precipitation  whatever  takes  place,  because 
both  the  potii'<h  and  the  moda  i^re  very  soluble  in  water.      But 
if  we  concentrate  the  solution  sufficiently  by  evaporation,  cry»^i 
tak  of  nitrate  of  potiish  will  be  dcftosited,  because  that  salt  |^| 
mucli  less  solul>le  in  water  than  nitrate  of  soda.     In  like  mau^^ 
ner  when  nitric  acid  is  poured  upon  carbonate  of  potash  the 
earbuuic  acid  is  disengaged  and  flies  off:  because  its  elesticity 
causes  it  to  sepamte  from  the  liquid  and  assume  the  gaseous 
9tate,  as  soon  as  the  nitric  acid  weakens  the  attraction  by  means 
of  which  it  was  attached  to  the  potash. 

The  opinions  which  BerthoMet  endeavoured  to  establish  were 
not  only  inconsistent  with  those  of  Bergman,  but  utterly  sub- 
versive of  the  A^hole  science  of  chemistry,  if  he  could  have 
established  them.  He  maintained  that  a  tbird  body  €,  was  not 
capable  of  disengriging  a  from  b  in  consequence  of  any  superi- 
ority  of  affinity  ;  but  in  consequence  of  some  other  circumstaiioe 
(as  insolubility  or  volatility)  totally  unconnected  M^ith  the 
strength  of  affinity ;  that  the  strengtli  of  affinity  may  in  all  cases 
be  overcome  by  employing  a  sufficient  quantity  of  anotlier  bcnly. 
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tluMigli  its  affinity  be  weaker;  jintt  ttiat  bodies  are  capable  of 
uniting  with  each  otlier  iu  any  proporiion  whatever,  except  in 
so  far  as  definite  compounds  may  be  occasioned  by  some  odier 
unctjunectcd  eiremnstance.  (^i  tins  last  point  a  controversy 
was  airried  on  between  BerthoUet  and  I'ronst  Tbe  latter  of 
whom  hh(»wed  by  innumerable  priK*fs  that  all  compoumk  are 
definite,  and  tlmt  no  t^vo  bodies  are  cajMible  of  combining:  except 
in  certain  determinate  proportions,  Hie  process  which  che- 
mistry liiLs  made  since  the  time  of  thi.s  controversy  leaves  no 
doubt  wlmtever  upon  the  mind  of  any  one  Hiat  the  views  of 
Froiist  were  correct,  while  those  of  BerthoUet  were  completely 
erroneous*. 

Nor  is  it  very  clear  that  the  opinion  of  BerthoUet,  that  mass 
is  cjtpable  of  compensating  for  strength  of  affinity,  in  perfectly 
correct.  Affinity  acts  only  between  the  atoms  o(  bodies,  which 
are  so  exceedingly  minute,  tliat  however  strong  the  powder  may 
be  it  cannot  begin  to  act  till  tlie  atoms  approach  witiiin  a  \'ery 
small  distimce  from  each  other.  Were  it  possible  for  two  atoms 
of  b  to  approacli  as  near  «,  as  1  atom  of  c  can,  then  it  is  very 
probable  that  the  joint  action  of  the  two  atoms  might  be  able 
to  overcome  the  action  of  the  single  atom,  c  ;  though  the  idfinity 
of  €  may  be  mucli  stronger  for  a  than  that  of  a  single  atom  of  b. 
But  tbe  very  circumstance  that  r  when  added  to  a  b  has  tlie 
property  of  disengaging  6,  and  of  uniting  with  a  in  its  phice,  ren- 
ders it  evident  tliat  there  is  something  which  prevents  tlie  possi- 
bility of  h  and  r  l>eing  at  the  same  time  at  an  equal  distaiice 
from  o.  c  not  only  attracts  n;  but  it  must  at  the  stmie  time 
repel  b;  and  the  decompositions  and  new  combinations  must 
be  produced  by  tljese  joint  repulsions  and  attractions. 

It  is  the  ex[danation  of  the  decomposition  produced  by  the 
action  of  a  third  bo<ly  that  constitutes  the  weak  part  of  Berg- 
man's doctrine  of  elective  attraction.  If  affinity  be  mere 
aiiracHon^  it  is  impossible  to  conceive  any  retisou  why  the  addi- 
tion of  c  X(\  a  b  should  cause  the  separation  of  h  from  «•  c 
ought  to  combine  with  a  b^  and  form  a  triple  compound  a  h  a 
To  tell  us  that  it  is  a  law  of  nature^  that  only  two  bodies  can 
combine  with  each  other  at  once,  is  merely  ebiding  tlic  diffi^culty 
witlnHil  oliviating  it.  This  was  the  part  of  Bergman's  doctrine 
which  BerthoUet  attacked  with  most  success ;  but  the  structure 
which  he  eudeavinired  to  rear  upon  the  ruins  of  Bergman's 
hypothesis  w^s  not  more  stable  tliaii  tliat  of  his  prcflecessor  had 
been. 
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mS?Swy  ^^^  Humphrey  Davy,  in  liis  admirable  jmper  on  Galvanism, 
explained.  pu|jigiiej  jn  the  Philosophical  Transactions  for  1807,*  endea- 
voured to  show  that  substances  having  an  affinity  for  each  other 
are  in  different  states  of  electricity,  the  one  plus  and  the  other 
minus ;  tliat  the  more  intensely  tliese  two  different  states  exist 
in  two  bodies,  the  stronger  is  their  affinity  for  each  other ;  and 
that  in  order  to  decompose  a  compound,  or  to  put  an  end  to 
tlie  union  between  its  constituents,  we  have  only  to  bring  them 
into  the  same  electrical  state.f  From  these  premises  he  drew 
as  a  conclusion  tliat  cfiemical  affinity  and  electrical  attraction 
are  identical  forces.  The  probability  of  this  ophiion  lias  been 
strengthened  by  many  observations  on  combination  and  decom- 
position. And  M.  Ampere  has  developed  at  considerable 
length  the  ingenious  views  which  he  lias  formed  respecting  the 
identity  of  electricity  and  chemical  affinity.  The  electrical 
theory  has  been  embraced  by  every  chemist  of  eminence  who 
has  written  on  the  subject  since  the  appearance  of  Davy's  paper, 
and  seems  at  present  to  constitute  an  universally  admitted 
opinion. 

This  electrical  theory  enables  us  to  account  for  chemical 
decompositions  by  the  action  of  a  third  body,  in  a  more  satis- 
factory way  than  could  be  done  by  Newton,  or  by  Bergman, 
who  followed  up  the  Newtonian  views,  and  without  having 
recourse  to  the  subtilties  which  Berthollet  adopted,  and  which 
if  correct  would  have  put  an  end  to  definite  compounds  alto- 
gether. 
SinSTii-  ^^^yg^"5  chlorine,  bromine,  and  iodine  are  always  in  a  nega* 
«*•  five  state,  while  the  other  simple  bodies  are  positive.     Hence 

the  reason  why  these  four  bodies  have  a  tendency  to  combine 
with  all  the  others.  Potassium  is  very  strongly  positive^  while 
oxygen  is  equally  strongly  negative.  Hence  the  strong  affinity 
which  exists  between  these  tw'o  bodies,  and  the  difficulty  of 
decomposing  them  when  they  are  united.  If  a  current  of 
chlorine  gas  be  passed  through  hot  potash  (which  is  a  com- 
pound of  potassium  and  oxygen)  the  oxygen  is  disengaged  in 
the  state  of  gas,  and  the  chlorine  unites  to  the  potassium  in 
its  place.  This  decomposition  is  brought  about  by  the  agency 
of  two  forces.     Chlorine  like  oxygen  is  negative.     It  is  there- 

*  Entitled,  On  Same  Chemical  Agencies  of  Electricity, 
f  See  an  account  of  several  of  hu  experiments  in  my  work  on  Heat  and 
Electricity,  p.  491. 
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fore  attracted  by  tlie  polassiuni  and  repelled  l>y  the  oxygen. 
The  heat  aetft  partly  perhaps  by  Jiminii^luiig  the  cohesion 
which  exhts  between  the  particles  of  potash ;  hut  chiefly  by 
exalting  tlie  negative  energy  of  clilorine.  This  eiierg-y  when 
increased  by  heat  is  greater  than  the  negative  energ)^  of 
oxygen.  Hence  it*  attmction  for  potassium  must  exceed  that 
of  oxygen  for  the  same  ba^^e.  It  therefore  takes  tlie  [dace  of 
the  oxygen ;  and  the  mutual  repuLsiou  between  chlorine  ami 
oxygen,  together  with  the  elasticity  of  the  oxygen,  is  sutficient 
to  c^iuse  that  princi|>le  to  fly  off  and  make  its  escape. 

Tiie  reason  why  many  bodies  require  a  red  heat  before  they  wh¥  ijMt 
combine,  and  why  when  raised  to  that  temperature  they  unite  Cnaoon. 
with  great  energy,  does  not  a|»pear,  if  we  confine  ourselves  to  tlie 
notions  of  affinity  entertained  liy  Bergmiin.  But  the  electricid 
tlieory  enables  us  to  assign  a  reason  for  this  effect  of  heat.  Let 
us  take  tlie  case  of  oxygen  and  hydrogen  gjises.  The  former  of 
these  bodies  is  negsitive  and  the  latter  positive.  They  have  there- 
fore a  strong  attraction;  but  this  attmction  is  not  sufficient  to 
overcome  the  mutual  elasticity  of  tlie  two  gases,  ocwisioned 
probably  by  an  atmos[>liere  of  heat  surrounding  the  atoms  of 
each.  But  a  red  heat  exalts  the  electric  energies  of  both  so 
much,  that  they  fire  enabled  to  overcome  the  resistance  occa- 
sioned by  the  ehisticity  of  the  gases,  and  in  consec|ueuce  to 
combine  together. 

Thus  the  electrical  theory  of  affinity  holds  out  advantages 
over  the  old  hypothesis,  winch  will  serv^e  to  explain  the  reason 
why  it  haj*  b^en  so  generally  adopted,  and  wl*y  it  is  at  present 
so  great  a  favourite  with  chemists.  However,  when  we  take 
a  closer  view  of  chemical  combinations  and  deconiiiositions, 
sevend  difficulties  present  themselves  of  no  ordinary  weight. 
These  ditficulties  will  be  best  understood  by  taking  a  view  of 
some  of  the  most  common  ciises  of  combination  aud  decompo- 
sition witli  which  chemtst^s  are  familiar.  We  will  at  the  mme 
tune  have  an  opportunity  of  judging  how  far  they  can  be  obvi- 
ated, and  whether  they  be  sutficient,  as  has  been  alleged  by 
some>  to  oblige  ns  to  reject  the  electrical  exi>lanation  of  affinity 
altogether. 

It  may  be  proper  to  observe  in  the  first  place,  that  Ampere, 
who  has  fiivonred  the  world  uith  the  most  detailed  view  of  the 
electric  theorv,  considers  every  atom  of  matter  as  essentiaUy 
and  unchangeably  either  in  a  state  of  pfmtive  or  negative  elec- 
tricity. The  consequence  of  this  state  he  thinks  must  be,  that 
every  atom  is  siu^rounded  by  an  atmosphere  of  a  contrury  dec- 


as 


INTRODUCTION. 


trkalf  .    The  atoms  of  hydrogen,  for  example,  which  are  posiiive, 

I  are  surrounded  by  an  atmosphere  of  negative  electricity,  while 

the  atoms  of  oxygen,  whieli  are  negative^  are  surrounded  wth 
an  atmosphere  of  jmmiire  electricity.  The  consequence  of 
thi^  state  of  tliirij^s,  he  tliiiiks,  will  be  that  when  an  atom  of 
hydrogen  approaches  to  an  atom  of  oxygen,  their  two  atmo- 
spheres in  the  first  place  neutralize  each  other.  This  corobbia- 
tion  of  the  two  electricities  produces  heat  and  light.  Hence, 
ill  hin  opinion,  the  origin  of  the  combustion  which  so  frequently 
accompanies  mpid  combinations. 
This  way  of  accounting  for  the  heat  and  light  evolved  by 
rapid  combinations  has  been  long  a  favourite  with  men  of 
science*  It  was  long  ago  maintahied  by  Hitter.  It  wa« 
likewise  t!ie  opinion  of  Winterl ;  and  more  lately  of  CErst^dt. 
But  in  my  work  on  Heat  and  Electricity  I  have  stated  a  series 
of  fact^  wiiieh  seem  altogether  inconsistent  with  it,  and  wliich 
go  far  to  prove  that  the  electric  spark  is  occasioned  not  by  the 
union  of  the  tw'o  electricities,  but  by  the  sudden  condensation 
of  the  air  or  other  elastic  medium  through  wiiich  the  electricity 
passes.  When  long  sparks  are  drawn  from  a  conductor,  that 
part  of  the  spark  where  the  two  electricities  unite  is  always  the 
faintest,  a  fact  quite  incompatible  with  the  notion,  that  the 
spark  is  pro<luced  by  their  union*  Indeed  the  spark  is  alwaj^ 
brightest  at  its  negative   and   positive   extremities,   f^howiiig 

r  clearly  that  it  is  not  connected  with  the  union  of  the  electrici- 

ties, but  depends  upon  the  action  of  the  electricity  on  the  air. 
No  doubt,  it  is  some  difference  in  the  way  that  the  two  fluids 
act  on  the  atmosphere,  that  occasions  the  difference  in  the 
appefu*ance  of  the  sparks  drawn  from  a  negative  and  positive 
body. 
JjJ^I^^  Neither  am  tlie  ptjsition  of  Ampere,  that  every  atom  is 
tnatomiiMit  essentially  euuI  unchangeably  in  a  state  of  positive  or  negative 
electricity*  though  upon  it  the  plaiisil>ility  of  the  electric  theory 
in  a  great  measure  depends,  be  admitted  without  considerable 
modifications.  There  is  a  strong  affinity  behveen  sulphur  aad 
oxygen.  They  combine  in  various  proportions,  forming  power* 
ful  acids.  Wht^n  these  acids  are  decomposed  by  the  galvanic 
battery,  the  ox^'gen  attaches  itself  to  the  positive  pole  and  the 
sulphur  to  the  negative.  Hence  we  are  entitled  to  infer,  that 
oxygen  is  negatix'e  and  sn\\\h\%T  ]H}8Uive,  But  sulphur  combine* 
likewise  with  hydrogen  and  forms  an  acid ;  and  when  this  acid 
k  decomposed  by  galvanism  the  hydrogen  is  found  to  be  ^ 
iive  and  the  )$ul]dnir  it 
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Thiw  it  a|ipear8  tliat  sulpluir  with  respect  to  oxygea  is 
pomiti?e ;  but  with  respect  to  hydrogen  negcUive,  hs  state  then 
b  neither  essentially  pasitive  nor  negative,  since  it  change^j 
•ceonlir»tr  to  the  sul>Htanee  with  which  it  comliines.  The  very 
game  remark  nuay  he  made  of  seitfiimu^  firsetm\  teliurium,  and 
even  carlton.  When  these  bodies  eond>ine  with  oxygen  they 
are  positive ;  but  when  they  combine  with  hydrogen  they  are 
ne^tive.  Again  chlorine  and  oxygen  are  cajiable  of  condjin- 
ing,  and  it  appears  when  the  eonipuimd  is  decorapose<l  by  gal- 
vanism, that  the  oxygen  is  negative  and  the  chlorine  ^msitive. 
Both  combine  with  cidcium,  and  when  the  oxide  and  chloride 
of  calcium  are  decomposed  hy  galvanism,  it  appears  that  the 
oxygen  and  cldorine  are  botli  tiegalive  and  the  calcium  positive. 
Now  since  oxygen  with  regard  to  chlorine  h  negative,  surely 
we  must  admit  that  it  is  the  most  negative  of  the  two.  It 
ought  therefore,  according  to  the  electric  theory,  to  have  a 
stronger  affinity  for  calciunt  than  chlorine  has.  Yet  if  we  heat 
oxide  of  calcium,  and  pass  a  current  of  ehluriiiegas  over  il,  the 
oxygen  will  be  diisengaged,  mnl  the  chlorine  will  take  its  place. 
Here  we  have  cldorine  positive  with  regard  to  oxygen,  and 
neff alive  with  regard  to  c^ilcium*  And  we  have  a  body  wliich 
appeiu-s  to  be  less  negative  displacing  a  body  which  is  more 
negative  than  itself.  How  are  these  facts  and  many  orJiers  of 
a  similar  natnre  to  be  explained  ? 

If  the  two  electricities  con^i^t  of  two  distinct  fluids,  and  if 
these  fluicLs  be  inseparably  connected  w4th  the  atoms  of  botlies, 
no  that  every  atom  contxuns  at  all  times  ajid  in  all  situations 
exactly  the  same  quantit)'  of  negative  or  positive  electricity,  it 
is  obviously  impossible  tliat  a  body  can  be  positive  with  respect 
i«>  one  body  and  negative  with  respect  to  another.  It  must 
invariably  preserve  in  all  cases  cither  its  negative  or  its  positive 
state.  Now  this  is  not  tlie  case  with  atonLs  in  general.  For 
with  the  exce|)tion  of  hydrogen,  potassium,  and  perhaps  one  or 
two  other  alkaline  bases,  there  are  nobotlies  iuvarird>ly/'Ofi'«Wre; 
and  except  oTifyen  there  is  perhaps  nobtxly  invariably  lurffilive. 
We  must  therefore  conclude  that  the  atoms  of  bodies  do  not 
contain  each  a  speciiic  quantity  of  electricity  which  is  not  capa- 
ble of  varying* 

It  is  much  more  prob«d)le  tliat  botli  electricities  exist  in  every  .^^j^^f 
at-om;  though  in  most  cases  one  of  the  two  fluitis  prepon derates  ^|"****^ 
over  the  other,  and  tluit  the  duids  are  not  inseparaldy  attached 
tjO  the  t  but  caj>able  of  lieing  increased  i>r  diminished 

r»  which  bodies  follow  with  regtU-d  to  elcc- 
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L  tricity.     Now  taking  this  view  of  tlie  subject,  let  us  see  whether 

^H  the  electric  theory  he  not  eoinpatible  with  the  irtum  of  a  body 

^H  being  in  a  different  electrical  state  with  regard  Ut  differout 

^H  bodit^s.     In  oxyg^en  tliere  la  a  grt'ut  pri^poiideranee  of  ue|i^tiv^e 

^H  electricity.     It  is  negative  with  res|>ect  to  every  other   bn<ly, 

^H  Sulphur  Is  negative  with  req;jird  to  most  botlies;  but  it  is  ob>in 

^H  ou!!tly  not  so  powerfully  net^itive  as  oxygen.     Let  us  suppose 

^H  now  ati  atom  of  sulphur  to  be  placed  within  a  very  ^luall   dis- 

^H  tanee  of  an  atom  of  oxygen.     We  know  that  the  two  electri- 

^H  cities  will  act  on  eaeli  other.     The  negative  electricity  of  the 

^H  oxygen  atom  ^vill  repel  the  negative  tdectrieity  of  the  sulphur, 

^H  and  as  the  atom  of  oxygen  is  abnost  twice  the  size  of  an   atoni 

^H  of  sulphur,  iuid  eontidns  a  much  greater  quantity  of  negative 

^H  electricity,  it  is  evident  that  it  will  act  with  greater  energy.      A 

^H  portion  of  the  negative  electricity  of  the  sulphur  will  be  driven 

^H  off;  while  the  positive  electricity  will  accumulate  in  consequence 

^H*  of  the  attraction  exercised  on  it  by  the  negative  electricity  of  the 

^H  oxygen.     Positive  electricity  will  accumuhite  ui  it,  fuid   nega^ 

^m  .         tive  electricity  will  diininisk     This  will  of  course  render  it 
^H  //Oc-^iY/iT,  though  hefore  the  action  of  the  oxygen  on  it,  it  had 

^H  been  negative.      In  consequence  of  these  two  tliflerent  statesp 

^H  the  two  atoms  comI}inej  aiid  the  attraction  between  tlie  two 

^H  electricities  Mill  prevent  any  alteration  in  their  state  as  long  as 

^1  they  remain  united.     We  may  in  this  way  easily  conceive  how 

,  an  atom  may  be  positi>'e  when  it  combines  with  one  body,  and 

negative  when  it  combines  with  another. 

As  for  tlie  difficulty  respecting  eidorinCj  that  though  less 
negative  than  oxygen,  it  notwithstanding  sc^parates  oxygen  from 
^•nfcMorine  calcium^  it  must  be  obser^^ed  that  this  separation  is  not  induced 
unless  heat  be  aj>pbed;  the  reason  probably  is,  that  heat  has  a 
greater  effect  in  exalting  the  electricity  of  ehlurine  than  of 
oxygen.  Hence  though  chlorine  while  cold  is  less  negative 
than  oxygen,  it  probably  becomes  more  negative  when  strongly 
heated. 

By  this  view  of  the  subject,  most  of  the  difficulties  may 
obviated^  and  the  electrical  theory  of  electricity  rendered 
the  same  time  nmch  more  conformable  to  the  common  pheiio-' 
mena  of  electricity  ami  the  laws  which  regulate  the  accumula- 
tion or  diminution  of  electricity  in  bodies,  than  it  would  be  if 
we  considered  every  atom  ns  endowed  with  an  inseptirable 
quantity  ^f  the  two  electricittes. 

Wit"  nown  link  which  unites  the  electri- 

f  «9  it  united  to  tliem,  we  are  quite 
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in  the  dark.  It  is  not  an  attraction  similar  to  graritation  ;  for 
it  IS  drniuiustniltle  t!iat  the  electricity  U  depmiied  only  on  the 
surtkee  of  the  atom,  and  that  it**  quantity  ca]>aL4c  of  at-cunm- 
latin^,  h  proportional  to  the  surface,  and  bears  no  relation 
whatever  to  the  weight  of  the  atoms. 

The  number  of  atoms  of  one  body,  capable  of  uniting^  to  an 
atom  of  miother  Ixnly,  is  probably  connected  with  the  state  of 
the  electricity  of  botli.  If  the  positive  electricity  of  one  atom 
be  just  iientralized  by  the  negative  electricity  of  another,  we 
mi^ht  expect  tliat  the  two  bodies  would  unite  only  in  one 
proportion ;  or  at  leasts  that  the  compound  consisting  of  one 
atom  of  each  bmly  would  be  the  most  stall le.  But  if  one  atom 
be  twice  as  positive  as  another  is  negative,  or  rice  irrsfl,  tlien 
we  might  expect  that  a  compountl  consisting  of  one  atom  of 
one  brdy  ami  tv*'o  atoms  of  the  other,  wouhl  lie  most  stable. 

Salts  are  composed  of  an  acid  united  to  an  idkali  nsnidly  ^vhy«iit*ire 
atom  to  atom:  and  it  is  ireuerallv  observed,  that  they  are  more  ukih  their 
difficult  of  decomposition  than  the  acids  or  Imses,  constituting 
tliem  when  in  an  insulated  state.  Thus,  sulphuric  acid  is 
decomposiible  by  a  red  heat;  l>ut  sulphate  of  potitsh  may  be 
exposed  to  a  red  heat  without  undergoing  any  alteration. 
Oxide  of  silver  Ls  easily  deprived  of  its  oxygen  by  a  moderate 
red  heat ;  l>ut  piu>sphate  of  silver  is  capable  of  Ircaring  a  red 
heat  without  undergoing  any  alteration.  The  reason  of  this 
increase  of  permanence,  proliably,  is  owing  to  the  M*ay  in  which 
the  constituents  combine.  The  acid  being  composed  of  two 
constituents,  one  of  which  is  positive  and  the  other  negative, 
may  be  represented  thus,  +  — *  The  alkaline  l>ase  being 
similarly  composed  may  be  represented  by  the  siune  syml»o], 

^••     Now,  there  can  be  little  doubt  that  the  acid  and  base 

when  combined,  will  arrange  themselves  tlius, 

+  — 
—  + 
that  is  to  say,  tlie  positive  ingredient  of  the  one  mil  attjich 
itself  to  the  negative  ingredient  of  the  other.  Tlius,  every 
negative  bo*1y  \nll  be  placed  between  two  |>ositive,  and  every 
positive  IwtAveen  two  negative — ^a  situation  which  ought  to 
increase  the  firmness  and  steadiness  of  the  compound. 

The   black    oxide    of  mangfanese   emploved   for   cibtaining  Whyteroikte 
oxygen  and  chlornie,  is  a  compound  of  one  atom  of  manganese  'f^JJjJi'^^ 
ind  two  atoms  of  oxygen.     When  strong  sulphuric  acid  is  ^J»^'^^'"*= 
poured  over  this  compound,  one   half  of  the  oxygen  of  the 
oxide  is  disengaged  ami  makes  iti^  escat»e  in  the  gaseous  state, 
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while  the  sulphuric  acid  unites  with  the  protoxide  of  nifuigaii- 
ese,  and  forms  a  sulphate  of  manganese.  WJiat  is  the  reason 
of  thi^  disengiigement  of  tlie  oxygen  ?  It  may  be  observed  in 
die  first  pkee,  tliat  mangmiese  is  tlie  most  positive  of  all  the 
metals.  Henee,  it  in  eiipahle  of  uniting  with  ami  condensing 
into  a  soUdj  no  fewer  than  three  atoms  of  oxygen^  although 
tUe  size  of  the  atom  of  oxygon  is  more  than  four  tinie.s  a^*  great 
a^  that  of  the  atom  of  manganese.  When  numganese  in  united 
with  oidy  one  atom  of  oxygen,  it  still  retains  its  positive  nature 
so  strongly  as  to  possess  powerful  alkaline  qualities,  and  to  be 
capable  of  uniting  with  and  neutralizing  the  different  acids. 
Rnt  when  it  has  combined  with  three  atoms  of  oxygen,  it  lias 
become  negtitive,  and  possesses  the  characters  of  an  acid.  We 
see,  therefore,  that  three  atoms  of  oxygen  are  more  t!»au  capa- 
ble of  ueutTalizing  one  atom  of  maiiganese ;  but  tlie  black 
oxide,  which  h  a  compound  of  one  atom  of  me  till  and  two 
atoniis  of  oxygen,  does  not  ajipear  capable  of  uniting  either 
with  acids  or  liases;  it  is  therefore  a  neutral  compound.  But 
the  second  atom  of  oxygen  ctinnot  be  retained  l>y  the  mang-an- 
ese  with  the  same  force  as  the  first  atom. 

Sulphuric  acid  is  a  compound  of  one  atom  of  sulphur  and 
three  atoms  of  oxygen,  "llie  oxygen  is  ob\iously  not  neu- 
tralized by  the  sulphur,  for  the  compound  possesses  powerful 
acid  properties.  Here  then  we  have  ti*'0  bodies  l>rought  into 
contact,  contaifiiog  berth  oxygen  in  considerable  quantity  and 
not  neutralized  Ivy  the  bases  with  which  it  is  combined.  Tlie 
oxygen  in  liotb  being  Inghly  negative,  it  is  obvious  that  tlie 
atoms  of  it  must  repel  each  otlier.  Tlie  vobnne  of  the  sulphur 
atom  being  much  larger  than  that  of  the  atom  of  maugane-se, 
acts  with  most  energy  in  retaining  its  oxygen.  The  mangan- 
ese combined  witli  two  atouis  of  oxygen  is  a  neutral  compound, 
while  the  protoxi*le  is  an  jdkaliue  body ;  hence,  the  protoxide 
of  manganese  (being  positive)  will  be  attracted  by  the  std- 
phurie  acid,  while  the  second  atom  of  oxygen  united  to  the 
manganese  will  be  repelled  hy  the  oxygen  hi  the  acid,  and 
even  by  the  other  atom  of  oxygen  united  to  tlie  manganese ; 
it  1*411  therefore  he  exjielled  and  the  sulphate  of  mangan 
formed. 

It  may  be  asked  why  the  simie  decomposition  of  black 
oxitle  of  manganese  does  not  take  place  when  nitric  acid  is 
poured  over  it.  The  reason  seems  to  be,  that  the  azote,  the 
atom  of  which  is  of  the  same  size  with  that  of  oxygen,  more 
completely  neutralizes  the  oxygeu  in  tlie  nitric  acid:  it 
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Dot  therefore  act  with  so  much  energy  in  repelliiio;  the  oxygen 

imitiiMl  with  the  manfi^mef^e  ;  hut  that  it  uets  is  evident,  hecaase 
when  a  littie  sugar  is  added  to  the  mixture,  the  second  atom 
of  oxygen  in  the  oxide  combines  with  carbon,  and  the  nitric 
acid  immediately  forniM  a  nitrate  of  manganese. 

The  curious  phenomenon  obser\'ed  by  Tlietiard  when  metallic  ^?J5't^y-en 
oxides  are  placed  in  contact  with  deutoxide  of  h)^(lrogen,  [i^^f^b^^rj' 
obviously  admit  of  an  exjikyiation  from  the  same  aiuse,  Wlien  ^^' 
a  drup  of  deutoxide  of  hydrogen  is  k^t  tall  upon  oxide  of  silver, 
oxygen  gas  is  disengaged  witli  such  rapidity  that  a  kind  of 
explosion  takes  phice.  When  this  happens  in  a  dark  place 
there  is  a  sensible  diseiijEragement  of  light;  the  teroxide  of 
manganese,  tlie  peroxide  of  cobalt,  tlie  oxides  of  lead,  plati- 
num, palladium,  gold,  iridium,  ^c*  likewise  act  with  violence 
on  tliLs  liquiil,  oxygen  gas  being  dLsengaged  with  rapidity.  In 
these  cases,  the  deutoxide  of  hydrogen  loses  the  half  of  its 
oxygen  and  Is  converted  into  water,  while  most  of  the  oxides 
(though  not  all  of  them)  are  rednced  to  the  metallic  state. 
Here  we  see  that  the  mutual  repulsion  betv^^een  the  oxygen  in 
the  two  compounds,  together  with  the  loose  state  of  combina- 
tion of  half  the  oxy^gen  in  the  liquid  and  in  several  of  tlie 
oxides,  occasions  its  sudden  disengagement.  The  light  emitted 
is  proljably  owing  to  the  suddeiniess  of  the  disengagement  of 
the  gjis  and  the  consequent  compression  of  tlie  air. 

The  reason  of  the  disengiigement  of  oxygen  from  deutoxide  Anamctaii 
of  hydrc^en,  when  several  metals  in  powder  4U*e  put  into  it^ 
as  silver,  platinum,  gold,  osmium,  iridium,  rhodium,  palladium, 
is  proiMibly  owing  to  the  attraction  of  tliese  bodies  for  the 
oxygen.  This  attmetion  h  surticient  to  disengage  die  oxygen  ; 
but  not  to  overcome  its  tendency  to  assume  an  elastic  form. 
Hence,  the  oxygen,  instead  of  uniting  with  these  metals,  flies 
off  in  tlie  state  of  gas. 

The  electric  theory  enables  us  to  explain  i^-ith  facility,  why  a  myjiWnAry 
binary  compound  is  decomposed  by  the  action  of  a  third  body,  ^^"'f^^!!^ 
Chlorijie  ch*com poses  the  oxide  of  cidcium,  because  when  jissisted 
by  heat  it  becomes  more  negative  than  the  oxygen ;  it  there- 
fore repels  the  oxygen  and  attracts  the  calcium,  and  these  two 
forces  acting  togetlier  are  sufficiently  strong  to  expel  the 
oxygen  from  tlie  calcium,  and  to  enable  the  chlorine  to  take 
its  place.  If  we  attempt  to  decompose  the  chloride  of  calcium 
by  means  of  oxygen  and  lieat,  it  is  obvious  tliat  we  must  fail ; 
betuiuse  the  chlorine  cannot  be  displaced  by  a  body  less  nega- 
\'e  than  itself.      Bur  as  oxygen  is  more  negjitive  than  chlo- 
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line  when  not  exalted  by  heat,  the  decomposition  probabl] 
sugbt  be  effected  at  tlie  common   temperature  of  tlie   atmc 
sphere^  were    it  not  for   the  elasticity  of  the  oxygen    w^liicb 
prevents  it  from  coming  within  the  requisite  distance. 

When  sulphur  is  heated  with  a  metallic  oxide,  it  combine 
both  with  the  metal  and  the  oxygen.     To  the  former  it 
the  part  of  a  negative  body ;  to  the  latter  that  of  a  positive* 
The  way  in  which  it  may  act  in  dm  double  capacity  has  been 
already  explained.      And  thin  double  |K>wer  in  sulphur  of  uniting 
botli  uith  positive  and  negative  bodies,  when  its  enei^^  is  suf^ 
ficiently  exalted  by  heat,  explains  the  re^ison  why  sulphur  is' 
capable  of  decomposing  all  metallic  oxides  without  exception- 
Chlorine  is  not  cajiable  of  decomposing  all  oxides,  though  it 
can  several.     No  doubt  this  depends  upon  the  less  degree  of 
positive  electricity  in  the  bases  of  these  bodies,  compared  t4) 
calcium.     But  if  we  mix  thei^e  oxides  ^^it\\  charcoal,  and  after 
heatiug  the  mixture,  pass  a  current  of  chlorine  over  it,  tlie 
iKxides  will  be  decomposed.      Thus  if  we  mix  alumina  and 
charcoal,  silica  and  charcoal,  liomcic  aci<l  and  charcoal,  &c.  [>ut 
the  mixture  iuto  a  porcelain  or  glass  tube,  and  after  heating  it  to 
redues-s  pass  a  current  of  dry  chlorine  gas  over  it,  we  shall 
obtairj  chlorides  of  iduminom,  silicon,  and  boron.     The  rationale 
of  these  decompositions  is  sufficiently  obvious,     Oirbon,  which 
is  a  strongly  positive  body,  will  exercise  a  powerful  attraction 
for  the  oxygt-n  uf  tijese  oxides.    This  attraction,  together  with 
that  of  the  chlorine,  for  the  bases  of  the  oxides,  is  sufficient   to^^ 
separate  the  oxygen  aiul  establish  the  chlorine  in  its  place,        ^M 
When  a  body  is  applied  to  a  binary  compound  which    is 
«i!^  capable  of  combining  with  Inith  its  constituents,  it  seldom  fails 
to  produce  a  decomposition ;  though  it  would  not  have  beei^H 
able  to  have  effected  it,  liad  it  been  capable  of  uniting  only 

LwiHi  one  of  the  constituents.      For  example,  when  cbareoul 
heated  to  redness  is  placed  in  contact  with  steam,  it  deeoniposei||fl 
that  fluitb  thougli  hydrogen  lieing  more  strongly  positive   than 
carl>on,  ought  not  to  lie  disengaged  from  oxygen  l>y  that  suli- 
stance.     The  reason  of  the  ilisengagement  is,  that  the  charcoa^B 
combines  botli  witli  the  oxygen  ant!  tlie  hyflrogen  of  the  \mter,^" 
to  the  one  bring  positive,  and  to  the  other  negative.      It  is 
for  the  sfune  reiisoii  tliat  oxygen  is  capable  of  decomposing 
most  metid'*  «,     It  combines  at  iioee  witli  both   of 

the  '  I  metallic  oxide  aiifl  sulphurous  acid. 

ilorine  det-oniposes  all  the  iodides, 
re    powerfully    negative)    cannot. 
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Chlorine  unites  witli  both  of  the  c'onstituents  of  the  io*lifle, 
wlileh  18  not  the  case  \\ith  oxygen, 

SiipTKWie  that  we  have  a  neutral  salt,  as  for  example  sulpliate  Action  or 

I  1  »  "^^  ocicla  on  lieu. 

of  potash,  dissolved  iii  water,  aiiti  that  we  add  to  the  solution  a  »f»i»Aiu. 
quantity  of  nitric  acid,  we  have  no  means  of  deterininin|Df  what 
takes  place^  because  no  phenomena  indicate  whether  a  deeoni- 
posiiiou  has  been  produced  or  no.  The  probability  is,  that 
when  an  acid  is  ad<!ed  to  a  neutral  sjilt  more  powerfully  nt*gH- 
tive  than  the  acid  which  the  salt  contains,  decomposition  will 
take  place.  Because  the  new  acid  will  be  more  powerfully 
attracted  by  the  bii^e,  and  will  repel  the  old  acid.  But  if  the 
whole  remains  in  s<dution  in  the  water,  we  eau  have  no  evi- 
dence to  prove  that  such  a  decompa«%itiou  has  taken  place.  There 
are  intleed  eases  when  the  decomposition  is  indicated  by  a 
change  of  colour  in  the  liquitL  Thus  nitrate  of  copjier  is  Nue^ 
while  muriate  of  copper  ia  green^  If  into  a  blue  solution  of 
nitrate  of  copper  we  pour  muriatic  acid,  the  liquid  immediately 
becomes  ^een,  iadiaitin^  by  this  change  of  colour,  that  the 
muriatic  acid  has  displaced  the  nitric. 

When  the  acid  of  the  salt  Imppens  to  be  gaseous  or  to  be 
volatile  and  endowed  with  a  strong  smell,  either  of  these  cir- 
eurastances  will  fnniish  indications  of  decomposition.  Suppose 
we  have  a  solution  of  acetate  of  j>otash  in  water,  and  tliat  we 
pour  into  it  a  quantity  of  sniphnric  acid,  no  precipitation  would 
take  place,  but  a  strtuig  smell  of  acetic  acid  wouhl  be  disen- 
gaged from  the  acitl,  alfordiug  sufficient  evidence  that  the 
acetic  acid  bad  been  disengaged,  and  that  the  sulphuric  acid 
had  united  with  t!ie  |iotash  in  its  place.  Suppose  the  salt  dis- 
solved in  water  to  be  bicarbonate  of  soda,  and  that  we  pour 
into  the  solution  sniphnric  or  nitric  acidj  the  carbonic  acid  will 
immediately  assiune  the  gaseous  state,  a  strong  effen'esccnce 
takes  place,  and  the  gsis  is  disengaged. 

When  the  acid  added  forms  an  insolulde  salt  with  the  base 
of  the  salt  in  solution,  the  insoluble  salt  wnll  immediately  fall 
to  tlie  bottom,  and  thus  show  to  the  eye  that  the  salt  has  been 
decomposed-  ThiLs  if  to  a  solution  of  nitrate  of  Imrytes,  we 
ad<l  sulphuric  acid,  sulphate  of  barytes  will  precipitate,  and  free 
nitric  acid  M-ill  remain  in  the  liquid. 

Except  when  one  or  other  of  these  indiattious  present  them- 

.  selves,  we  have  no  evidence  that  the  new  acid  has  taken  the 

l|>lace  of  the  old,     Heuce  Berthollet  was  of  opinion  that  in  many 

cases  the  new^  acid  united  to  the  salt,  tuid  formed  a  kind  of 

double  acid  consisting  of  one  base  imited  to  two  acids.     But 
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this  opinion  seems  incoDsi<*t^nt  with  the  whole  series  of  che- 
mical c'tmihinatioiis,     Wv  very  rarely  find  a  third  body  capable 
of  uniting  with  a  binary  compound j  and  the  electrical  tUeory 
of  affinity  shows  us  the  reason  why.     But  there  is  no   daubt 
that  an  akeration  in  tlie  temjiemture  is  capable  of  reversing  tUe^H 
nature  of  the  decomposition,  m\d  t)ie  reason  of  this  is  not  di^^^ 
ficult  to  find.     If  we  add  nitric  acid  to  a  liot  solution  of  borax, 
and  let  the  mixture  cool,  there  will  he  deposited  a  quantity  <]^H 
crystab  of  btiraeir  acid.     Thus  it  appears  that  nitric  acid  i^l 
capable  of  separating  l>oracie  acid  from  soda,  and  uniting'  with 
that  alkali  in  its  place.     Allow  the  boracic  acid  to  remain.  pui^H 
the  whole  into  a  retort  and  apply  heat,  tlie  bomeic  acifl   recUflM^I 
solves  and  aj^iin  combines  with  the  sodit,  while  the  nitric  acid 
passes  into  the  receiver.     Here  t!ie  fixitv'  of  the  boracic  acid, 
and  the  volatility  of  nitric  acid  at  a  high  tcnipcratni'c,  enable 
the  boracic  acid  again  to  displace  the  nitric  acid^  and  to  form 
boHLx  fuiew.  ^^ 

Wlien  two  neutral  saline  solutions  are  Diixed  togetlier,  wi^H 
would  naturally  expect  that  the  two  stdts  shoo  Id  iniite  together 
and  form  a  double  salt.  Tins  frequent Jy  happens,  and  doubt- 
less in  a  much  i^reater  number  of  cases  than  has  hitlierto  been 
observed.  Tlie  silts  of  potash  and  those  of  ammonia  are  par- 
ticuhu*ly  prone  to  fonn  double  sidts ;  the  same  observation  may 
be  made  of  the  salt43  of  lead,  copper  and  atnniina* 

Frequently  when  two  salts  are  mixed  they  show  no  tendency 
to  unite  together.  But  if  the  mixed  saline  solution  be  evapo^^ 
rated,  the  two  salts  crystallize  separately.  This  happens,  f(i^| 
example,  when  we  mix  together  solutions  of  saltjjetre  and  sul- 
phate of  soda,  or  s;dt|>etre  and  common  salt.  In  such  cases  the 
two  salts  are  both  prol>al>ly  in  a  neutral  state^  or  the  electric 
energies  of  the  acids  and  bases  nintnally  destroy  each  other. 

In  many  cases  when  two  salts  are  mixed  they  murually 
decompose  each  other,  and  two  new  salts  are  produced.  Iluis 
when  sulphate  of  ammonia  and  common  stdt  arc  mixed,  and 
heat  applied,  sal  ammoniac  sublimes,  and  sulphate  of  soda 
remains  fixed.  This  decomposition  is  owing  to  the  fixity 
one  salt  and  the  volatility  of  the  other.  Heat  is  the  agei 
that  brings  it  about.  If  we  mix  together  sal  ammoniac 
carbonate  of  lime  and  apply  heat,  carbonate  of  ammonia  sublime 
and  muriate  of  lime  remains.  The  cause  of  thisflecompositic 
also,  is  the  volatility  of  one  of  the  salts,  anrl  the  fixity  of  the 
other;  and  heat  is  equally  the  agent  of  the  decom[>osition. 

When  solutions  of  nitrate  of  l>arytes  and  sulphnte  of  hc 
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arc  mixed  in  tlie  requisite  proportions,  siilpliate  of  Imrytes  pre- 
cipitates, and  nitrate  of  baryte.s  remiiiiis  in  solution,  imd  may  be 
ohtiiined  in  crystals  by  evajmmtin^  tlie  liqnitt.  In  tliis  ease 
t!ie  ilecum position  is  pro*lnced  l>y  tke  insolubilit}'  of  the  snlpliak* 
of  barytes.  Similar  decumjiositioiis  are  prt.Mluced,  and  from  tbe 
RHine  cause  wli en  we  mix  togetber  .solutions  of  iHtnitc  of  stron* 
tian  and  carbonate  of  soda»  nitrate  i>f  lime  and  oxalate  ot 
ammonia,  nitrate  of  lead  and  phospbate  of  Ktnla,  nitrate  of  silver 
and  common  ,salt.  Tlie  cases  of  double  decomposition  bave 
been  very  well  exjdainetl  by  Bertbollet,  mid  constitute  the 
most  saiisfiietory  mid  unolvjeetioiiable  part  of  his  Chemkai 
Siaiic^*  They  are  all  owinjj^  citlier  to  the  volatility  or  tJie 
insol ability  of  one  of  the  salt^i  fonned. 

llius  we  have  f^ono  over  tlie  greater  number  of  phenomena 
attending  chemicsd  decompositions,  without  finding-  any  whieli 
appear  incompatible  with  the  electric  theory.  There  are,  how- 
ever, a  few  which  we  cannot  at  present  explain  in  a  satisfactory 
manner,  owing  to  the  ver)'  imperfect  investigjition  of  the  elec- 
tric theory.  Of  these  I  shall  mention  only  one.  If  tbe  stcfmi  Awmu^j^ 
of  water  be  pa<*sed  over  red  b*»t  iron  it  is  decomposed,  hydrogen 
g^Ls  is  disengaged,  and  oxide  of  iron  formed.  On  the  other 
band,  if  we  lieat  oxi*le  of  iron  surrounded  with  hydrogen  gas, 
m*ater  is  formed,  and  tlic  oxide  reiluced  to  the  metallic  state. 
These  two  decompositions  appear  to  be  incompatible  with  each 
other.  Hydrogen  is  inidonbtedly  mucli  more  positive  than  iron, 
it  ought  therefore  to  be  able  to  deprive  ibis  last  metal  of  oxygen. 
The  reduction  of  the  oxide  of  iron  by  meansofhydrogen,  is  what 
we  should  expect.  Wlien  iron  decomposes  steam,  its  tempem- 
ture  is  raised  to  redness,  and  undoubtedly  tlie  temperature  of 
the  steam  is  much  lower.  Shidl  we  conclude  from  this  that 
heat  is  capable  of  exalting  the  positive  electricity  of  the  iron, 
so  much  as  to  enable  it  to  surpass  that  of  the  hydrogen  at  a 
lower  temperatmre?  This  at  least  is  the  only  explanation 
which  occurs  to  me  as  at  all  approaching  a  Siitisfactory  solution 
of  the  difficidty. 

7,  The  tables  winch  originated  with  Geoffrov,  and  which  Tiy»?sofd«. 
Bergman  improved  so  much,  uistead  of  being  called  tables  of 
affinity ,  should  be  considere<l  as  merely  representing  the  order 
of  decomposition.  And  if  tlie  order  of  decomposition  were 
ri'gidar  and  unvaried,  such  tables  woidd  be  of  considend>le 
utility.  Indeed  they  wouhl  constitute  a  verj^  valuable  acqui- 
sition to  the  young  practic*al  cliemLst.  The  order  of  decomj^o- 
sition  seems  to  be  inlimalely  connected  with  the  electrical  state 
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of  the  respective  bodies.  The  reason  why  it  varies  seems  to 
be,  that  the  electrical  state  of  a  body  is  susceptible  of  vari- 
ation according  to  the  temperature,  being  exalted  by  heat 
and  depressed  by  cold.  This  is  the  reason  why  tlie  tables 
of  the  electric  state  of  bodies  are  necessarily  defective.  I 
sliall,  however,  venture  to  exhibit  here  a  few  tables  of  the  non- 
metallic  bodies,  arranging  them  accorduig  to  their  electrical 
state.  A  number  of  the  metals  might  have  likewise  been 
introduced;  but  there  are  so  many  of  these  bodies  still  very 
imperfectly  examined,  that  the  position  of  most  of  them  would 
be  little  better  than  conjectural.  The  following  table  exhibits 
the  non-metallic  bodies  in  the  order  of  their  electricity,  begin- 
ing  with  the  most  positive,  and  ending  with  the  most  negative. 


Hydrogen 

Sulphur 

Boron 

Azote 

Silicon 

Iodine 

Carbon 

Bromine 

Arsenic 

Chlorine 

Phosphorus 

Fluorine? 

Selenium 

Oxygen. 

Hydrogen  is  positive  with  respect  to  every  body.  Oxygen  is 
negative  with  respect  to  every  body.  Sulphur  is  positive  with 
regard  to  all  the  substances  below  it;  but  negative  with  respect 
to  all  the  substances  above  it  The  same  thing  applies  to  all 
the  bodies  in  the  table,  each  is  negative  to  every  body  above  it, 
and  positive  to  every  body  below  it. 

The  following  tables  exhibit  the  bodies  with  which  each  of 
these  substances  is  capable  of  combining,  arranged  according 
to  their  greatest  electro-negative  energy,  and  therefore  in  the 
order  in  which  they  decompose  each  other. 


I 

8 

3 

4 

5 

Hydrogen. 
Fluorine 

Horon. 

Silicon. 

Carbon. 

Arsenic 

Fluorine 

Fluorine 

Oxygen 
Chlorine 

Oxygen 

Chlorine 

Chlorine 

Chlorine 

Fluorine 

Oxygen 

Oxygen 

Oxygen 
Sulphur 

Iodine 

Chlorine 

Bromine 

Sulphur 

Sulphur 

Bromine 

Iodine 

Azote 

Iodine 

Sulphur 

Selenium 

Selenium 

Sulphur 

Carbon 

Phosphorus 

Phosphorus 

Arsenic 

Asote 
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6 

7 

e 

9 

10 

11 

Ph^vsphorus. 

Selenium. 

Sulplittr* 

Axoti*. 

lodipf. 

Bmmioi'. 
Clilorine 

Oxygen 

Oxygen 

Ojtygen 

Chlorine 

Oxygen 

Fluorine 

Cliloriue 

Chlorin  c 

Iodine 

Chlorine 

Oxygen 

Chlorine 

Bromine 

Bromine 

Oxygen 

Bromine 

Bromine 

Iodine 

loiiine 

Iodine 

Sulphur 

Selenium 

Selenium 

Sulphur 

The  only  substance  more  electro-ne^tivo  than  chlorine^  is 
oxygen.  And  a*  we  know  no  subsUince  more  electro-Tieorative 
thiin  oxygen,  of  course  no  column  under  oxygf^n  can  he  dra\ni 
up. 

These  cohnnns  are,  several  of  tliem,  necessarily  imperfect, 
J^rom  the  combination*  of  the  substances  standing  at  the  head 
of  them  heinf(  still  imperfectly  known.  But  so  far  ils  they 
go,  they  mark  the  order  of  decomposition.  Tlius  none  of  the 
substances  in  the  first  column  is  caimhle  of  separating  fluorine 
from  hydrogen;  while  all  of  them  are  csii)al>le  of  sepaniting 
azote  from  hydrogen.  Tlie  order  of  separation  is  the  position 
in  wliieh  they  stand  in  the  ccdumn  :  every  snbstance  heiiig 
capable  of  sepaniting  all  the  bodies  below  it,  froin  tlie  sul>- 
stance  standing  at  the  head  of  the  column ;  but  none  of  the 
substances  pkced  above  it.  Tints  hromim  is  capable  of  sepa- 
rating iodine,  selenium.  suljdnn\  and  pliosphorus,  from  hydrogen ; 
but  not  oxygen,  fluorine,  or  chlorine. 
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OF  SIMPLE  SUBSTANCES. 


It  has  been  alrea*ly  state<l  in  the  Iiitrodiiction,  that  the  simple 
substances  at  present  koowii  are  53  in  iminher;  <»f  these  there 
are  five  which  seem  capable  of  combinintr  with  all  die  others. 
Tliey  are  the  most  eleetro-ne^ative  of  all  kIlo\\^l  bodies. 
Hence,  when  compounds  containing  them  are  decomposed  l)y 
gal  ran  ism,  fhey  always  attach  tljemselves  to  die  posidve  pole. 
When  they  combine  with  a  certain  portion  of  the  other  simple 
liodies,  diey  form  with  them  acids  ;  when  with  tlie  rest,  they 
constitute  basses  or  alkaline  bodies,  capal>le  of  uniting  with  and 
neutralixin^f  the  acids. 

There  arc  a  few  of  the  simple  acidifiable  bases,  that  bear  a 
considerable  resemblance  tn  these  five  bodies.  Thus,  snlphnr 
possesses  the  property  of  on i ting  with  several  simple  bodies, 
and  of  forming  with  them  acids*  Thns,  it  forms  an  acid  with 
hydrogen,  arsenic,  and  antimony,  and  jirobably  with  sevend 
otiier  btxlies ;  it  is  capable  also  of  uniting  with  sevenil  other 
simple  bodies,  and  converting  them  into  bases  or  alkalies.  In 
this  way  it  unites  with  lead,  copper,  silver,  and  various  otlier 
lM>dies — and  the  sidpbur  acids  and  alkalies  are  capable  of 
muting  with  and  neutralizing  eacli  other.  Sulphur  therefore 
might,  without  much  impropriety,  be  arranged  along  with  the 
first  five  simple  bodies;  but  its  resemblance  to  the  acidifiable 
bases  seems  still  closer.  It  seems  better  therefore  to  arrange 
it  along  \^'ith  them ;  the  same  observations  apply  to  selenium 
and  teUurnim,  which  are  equally  capable  of  forming  acids  and 
bases  by  uniting  with  certain  other  simpb^  bodies. 

There  is  a  compound  body  called  cyanogen y  which  bears  so 
close  a  ref^emblaiice  to  the  first  five  simple  Ijodies,  that  unless 
we  were  precluded  by  the  knowledge  of  its  being  a  compound 
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Chap.  I.  body,  it  would  be  requisite  to  arrange  them  together.  Should 
the  five  first  simple  bodies  ever  be  ascertained  to  be  compounds, 
(as  they  probably  will  be  hereafter,)  then  cyanogen  and  these 
bodies  would  be  very  properly  placed  together ;  at  present  we 
are  under  the  necessity  of  separating  them.  To  the  first  five 
simple  bodies  I  shall  apply  the  epithet,  supporters  of  combust 
tion^  the  next  seventeen  I  shall  call  addifiable  bciseSy  and  the 
last  31,  alkcdifiable  bases.  These  three  divisions  will  occupy 
our  attention  in  the  three  following  chapters. 


CHAP.  I. 

OF  THE  SIMPLE  SUPPORTERS  OF  COMBUSTION. 

The  simple  supporters  of  combustion  at  present  known,  aie 
the  following  five : 

1  Oxygen,  4  Iodine, 

2  Chlorine,  5  Fluorine. 

3  Bromine, 

They  act  so  important  a  part  in  chemistry,  that  the  student 
requires  to  be  made  acquainted  with  them  as  early  as  possible* 
It  is  proper  to  mention,  that  fluorine  has  never  yet  been 
obtained  in  a  separate  state,  though  the  experiments  of  Davy 
and  the  reasoning  of  Ampere  have  rendered  its  existence  very 
probable.  We  are,  however,  at  present  necessarily  ignorant 
of  its  properties.  The  otlier  four  supporters  natundly  divide 
themselves  into  two  groups;  the  first  group  contains  only 
oxygen^  which  differs  materially  from  tlie  other  three.  It  does 
not  form  an  acid  with  hydrogen,  and  its  electro-negative  pro- 
perties are  greater  than  those  of  any  other  substance  whatever. 
Chlorine,  bromine,  and  iodine,  the  substances  which  constitate 
the  other  group,  resemble  each  other  very  closely ;  they  form 
acids  with  hydrogen ;  they  are  positive  with  respect  to  oxygen, 
combine  with  it  and  form  acids  bearing  a  very  close  resem- 
blance to  each  other.  They  have  the  still  more  curious 
property  of  combining  with  the  alkalifiable  bases,  and  forming 
with  them  a  set  of  compounds  which  possess  all  the  charac- 
ters of  neutral  salts.*  I  sliall  treat  of  these  five  supporters  in 
their  order  in  the  five  following  sections. 

*  In  consequence  of  this  property,  Berzelius  has  given  them  the 
idi  former t^  corpora  hologenia,  salibUdare,  saizbUdar, 
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SECTION  I. 


-OF  OXYGEN. 


Oirygen  fe  a  giiseoa«^  gu!»stance  and  constitutes  one  of  the  DUoofcrj, 
constituents  of  atmospherical  air.  It  was  discovered  by  Dr. 
Priestley  on  the  1st  of  Aiigast,  1774,  and  called  by  hlin 
dephiogisticated  air  ;  he  procured  it  by  cxposinor  red  oHde  of 
mercury  to  tlie  action  of  a  powerful  burning  glass,  while  en- 
cloned  in  a  gla*s  rccei\H*r  ^standing  inverted  over  mercury.* 
Scbeele  <l!J*eovered  it  before  1775,  without  any  previous  know- 
ledge of  what  Dr.  Priestley  had  done  ;  he  gave  it  the  name  of 
empyreal  aiV.f  Condorcet^  who  wils  secretary  to  the  Frencli 
Academy,  gave  it  the  name  of  vital  air,  Lavoisier  first 
imposed  the  name  oxygen,  (from  a  plausible  but  erroneous 
hypothesis,)  and  this  name  very  speedily  ciime  into  gen- 
eml  use*  This  term  was  made  generally  known  to  the 
public  when  the  new  Chemical  Nomenclatiu^e  was  published 
in  1787;  and  ^within  a  very  few  years  of  that  period  it  wtw 
generally  adopted. 

There  are  various  modes  of  procuring  oxygen  gas*  The  Prepiratit^n, 
simplest  and  cheapest  is,  to  employ  a  bottle  made  of  hammered 
iron  by  welding,  about  a  quarter  of  an  inch  thick,  rather  flat, 
and  Kipable  of  holding  about  an  English  pint.  This  bottle 
has  a  cylindrical  mouth  about  an  inch  in  diameter,  into  which 
IS  ground  a  piece  of  an  old  gun  Itarrel  open  at  both  extremi- 
ties and  about  a  foot  or  18  inches  long.  To  the  extremity  of 
this  piece  of  gnu  l)arrel,  is  fitterl,  by  grinding,  tlic  extremity 
of  the  brass  pipe  a.     This  brass  pipe  is  about  5  feet  long. 


ami    it   has   a   moveable  joint   Ik    whicli  enables  tlie  mouth 
of  it  to  be  bent,  so  that  it  can  be  introduced  into  the  open 


•  Priestley  on  Air,  vol.  ii.  p.  106, 

f  8ee  Scheele  on  Air  anJ  Fire,  passitD.  He  procured  the  oxygen  by 
distilling  a  mixture  of  sulphuric  acid  and  saltpetre,  and  b)'  heating  the  black 
ojtide  of  maDganese,  Bergman  in  his  Introduction  to  Scheele's  book, 
dated  13th  July,  1777*  informs  us  that  the  work  had  been  ready  for  publi- 
cation atiout  two  years  before.  It  b  probable,  from  thi^i  that  8chcelc*s 
discovery  of  oxygen  could  not  he  nmch  later  than  Priestley's. 
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chai».  I.  mouth  c  of  the  gas  holder,  previously 

'^^       ^  filled  with  water.       This  gas-holder 

is  a  cylindrical  vessel  made  of  tinned 
copper,    and  may  be  of  such  a  size 
as    to    hold   2000    cubic    inches    or 
more.     Above  it  there  is  a  vessel  dj 
about  four  inches  deep  and  of  the  same 
diameter    with    the    gas-holder,    with 
which  it  communicates  by  means  of  two 
tubes.    The  tube  e  in  die  centre 
down  almost  to  the  bottom  of  the 
holder ;  but  the  tube  m  goes  no  iarther 
than  its  top.     Both  of  these  tubes  are 
furnished  with   stopcocks,  by   means 
of  which  the  communication  between 
the  upper  vessel  and  the  gas-holder 
may  be  opened  or  shut  at  pleasure. 
There  is  another  tube  72,  furnished  with  a  stopcock  at  the 
very  top   of  the  gas-holder.      There  is  also  a  brass  cover 
which  may  be  screwed  on  the  mouth  c,  and  when  it  is  on 
that  mouth  is  eiTcctually  closed,  so  that  the  gas-holder  may 
be  filled  with  water  by  means  of  thie  tubes  e  and  iw,  pouring 
the  water  into  the  upper  open  vessel  and  opening  the  stop- 
cocks of  the  tubes  e  and  m.    When  the  vessel  is  filled  with 
water,   the  stopcocks   of  the    tubes  e,   m^   and  n,  must   be 
carefully  shut;  then  the  top  may  be  taken  off  the  tube  c, 
because  from  the  oblique  insertion  of  the  tube  c,  no  air  can 
get  in,  and  consequently  no  water  can  run  out. 

The  iron  bottle  is  to  be  filled  with  good  black  oxide  of 
manganese*  previously  ground  to  powder.  The  piece  of  gun 
barrel  is  to  1>e  introduced  into  the  mouth  of  tlie  bottle  and 
made  air-tight ;  the  bottle  is  then  to  be  introduced  horizontally 
into  a  fire  or  wind  furnace,  capable  of  raising  it  and  keeping 
it  at  a  red  heat.  The  flexible  brass  tube  is  then  to  be  intro- 
duced into  the  end  of  the  gun  barrel  and  fixed  air-tight ;  the 
other  extremity  of  it  is  to  be  introduced  as  far  as  possible  into 
the  mouth  c  of  the  gas-holder,  and  then  the  joint  6  is  to  be 
screwed  tight  so  as  to  keep  the  tube  in  one  position  and  to 
prevent  any  air  from  escaping  by  the  joint.     As  soon  as  the 

*  A  black  mineral  substance,  to  be  afterwards  described ;  it  is  found 
chiefly  in  Devonshire  where  it  is  raised  by  mining.  The  annual  consump- 
tion of  it  in  Great  Britain  amounts  to  about  30,000  tuns,  nearly  a  third  of 
which  is  consumed  in  Glasgow. 
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man^iiiicsc  l»eg^ijis  to  get  red  hot,  it  gnvcs  off  oxygen  gas  iti     ^"i-  ^^ 
almntlancc,  wliidi   passes  along  the   tii\H*H  and   rises  to  the  ^ 

toji  of  the  gas-hokicr,  the  water  running  out  by  the  inouiJi 
V  in  proportion  m  die  oxygen  gas  enters.  If  tlie  mati- 
ganese  be  pure,  1 1  ounces  troy  of  it  will  give  one  ounet- 
or  1087  cubie  inehes  of  oxygen  gas.  But  in  getieral,  in 
eoiiseqnence  of  the  impurity  of  the  mangauese,  the  prt^Kluce  is 
»tnia|ler. 

Those  persons  who  are  not  su]>}*lie(l  with  an  iron  bottle, 
may  procure  oxygen  gas  from  tht*  Irlaek  oxitle  of  manganese 

by  the  tVillowirig  process.  Into  the 
glass  retort,  (figured  in  themargiti,) 
introduce  a  quantity  of  black  oxide  of 
manganese  in  puwdcr,  and  pour  over  it 
as  much  concentrated  sulphuric  acid* 
wi  will  make  the  whole  into  a  magna 
of  about  the  couBistence  of  cream.  Pknige  llie  beak  of  the 
retort  under  the  shelf  of  the  water  cistern,  on  which  is 
placed  an  inverted  jar  filled  with  water.  Tlie  beak  of  the 
retort  must  terminate  under  the  mouth  of  this  jar.  Apply 
the  heat  of  a  lamp  to  the  belly  of  the  retort.  Oxygen  gas 
,  is  immediately  disengaged  in  great  quantity.  When  bhick 
oxide  of  manganese  is  treated  in  tliis  way  it  yields  at  h'ast 
as  much  oxygen  as  by  the  former  method,  but  the  process  is  a 
great  deal  more  tedious. 

Red  lead,  and  likewise  red  oxide  of  mercury,  yield  oxygen 
gas  likewise  w*hen  ex]>osed  to  a  red  heat  in  an  iron  bottle; 
but  in  much  smaller  quantity. 

Oxygen  gas  obtained  from  black  oxide  of  manganese  Howprocur. 
(chiefly  on  account  of  the  impurity  i»f  the  manganese)  is  never 
quite  pure.  But  when  pure  oxygen  giis  is  required,  it  may 
be  obtained  from  the  salt  cidled  ehlorate  of  pofasLf  This 
salt  Is  to  be  put  into  a  very  small  Imttle  glass  retort  with 
rather  a  long  beak»  The  beJIy  of  the  retort  is  heated  by  a 
charcoitl  fire  on  a  choffer  to  a  dull  red  heat,  while  the  beak  is 
plunged  under  water;  the  salt  decrepitates  and  gives  uut 
oxygen  gas  in  abundance,  wliich  may  be  received  either  in 
jars  or  bottleg  furnished  with  ground  stoppers.  It  is  perfectly 
pure  if  care  be  taken  to  allow  all  the  common  air  of  the  retort 

•  Far  an  account  of  this  acid,  see  the  next  chapter  in  ihe  scclion  eiitit- 
letJ,  Of  Sulphur. 

t  This  18  a  wjjitc  i^alt  in  shining  rhomboidal  pktes»  \ihich  will  be  ilc- 
scribed  in  a  future  pju-i  t>f  this  work. 
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Chapkl. 


Properttci. 


Sp.  gnrity. 


to  be  expelled  before  beginning  to  collect  it  31  grains  of 
chlorate  of  potash  give  out  when  thus  treated  12  g^rains  of 
oxygen.  Hence,  a  troy  ounce  of  the  salt  will  furnish  about 
537  cubic  inches  of  oxygen  gas. 

1.  Oxygen  gas  is  colourless  and  elastic,  and  possesses  all 
the  mechanical  properties  of  common  air.  It  has  no  percepti- 
ble taste,  and  is  destitute  of  smell. 

2.  It  is  a  little  heavier  than  common  air,  but  chemists  are 
not  yet  agreed  about  its  true  weight.  By  a  set  of  experiments, 
conducted  with  as  much  care  as  possible,  I  obtained  1-1117 
for  the  specific  gravity  of  oxygen  gas ;  and  Dr.  Prout  demon- 
strated long  ago,  that  if  air  be  a  mixture  of  80  volumes  azotic 
and  20  volumes  oxygen  gas,  then  the  true  specific  gravity  of 
oxygen  gas  is  1*1111.*  Hence,  at  the  temperature  of  60®, 
and  when  the  barometer  stands  at  30  inches,  100  cubic  inches 
of  oxygen  gas  weighs  34*60  grains. 

3.  Combustible  bodies  burn  with  much  more  splendour,  and 
gpive  out  more  heat  and  light  than  when  they  bum  in  conmion 


au". 


4.  Animals  are  capable  of  breathing  oxygen  gas  without 
any  feeling  of  inconvenience,  more  than  when  they  breath 
common  air.  An  animal  confined  in  a  given  volume  of  com- 
mon air,  unless  that  air  be  renewed,  speedily  becomes  sensible 


*  Annals  of  Philosophy,  vi.  321.  Chemists,  in  general,  consider  air  at  a 
mixture  of  79  volumes  azotic  and  21  volumes  oxygen  gases.  But  1  have 
given  a  set  of  experiments  which  appear  to  me,  at  least,  decisive  that  the 
true  composition  is  as  Dr.  Prout  has  stated.  See  First  Principles  of  Che- 
mistry, i.  95.  Every  other  experimenter  has  made  the  sp.  gravity  of  oxy- 
gen lower  tlian  1*1111.  fierzelius  and  Dulong  made  a  careful  set  of 
experiments,  and  state  the  sp.  gravities  of  oxygen  and  azotic  gas  as  foUowi : 
(Ann.  de  Chim.  et  de  Phys.  xv.  386.) 

Oxygen  gas,         .        .         1*1026 

Azotic  gas,  .         .        0*976 

But  it  is  impossible  that  these  two  numbers  can  be  exact  If  air  be  a 
mixture  of  21  volumes  oxygen  and  79  volumes  azotic  gas,  and  if  the  above 
numbers  be  correct,  then 

21  X  X  +  79  X  0  976^. 
100 
If  we  solve  the  equation,  we  get  x  =  1*09028;  so  that  the  sp.  gravity  of 
oxygen  gas  would  be  still  less  than  Berzelius  and  Dulong  found  it.  If 
their  sp.  gravities  were  correct,  and  air  a  mixture  of  21  oxygen  and  79 
azote,  then  the  sp.  gravity  of  air  would  not  be  1,  but  1*002586.  These 
facts  are  sufficient  to  show  that  the  results  of  Berzelius  and  Dulong  cannot 
possibly  be  accurate.  As  soon  as  chemists  take  the  trouble  to  re-examine 
the  subject,  I  have  no  doubt  that  they  will  ultimately  find  that  the  true  sp. 
gravity  of  oxygen  gas  is  1*1 1 1 1,  as  given  in  the  text. 
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of  a  feeling  of  suffocation,  and  at  last  dies  for  want  of  fre«h     stti.i 
air.     The  same  thing  happens  to  an  animal  confined  in  oxy- 
gen tpts ;  but  the  same  volume  of  oxyg'en  t^j^ts  wil!  serve  an 
animal  a  much  longer  time  for  breathing  than  the  stune  vokioie 
of  common  air ;  about  four  times  as  long. 

i>.  Seheele  and   Lavoisier  who   first  attempted  to  analyze  ^^™^^ 
atm()splierir*il  air,  concluded  from   their  experijnents  that  it  ^■ 
was  a  mixture  of 

27  volumes  oxygen  gas 
7;l  volumes  azotic  gas 


100 

But  the  subsequent  researches  of  Mr.  Cavendish^  demon- 
strated, that  tlie  proportions  a-ssigned  by  tliese  chemists  are 
inaeeunite.  Aiul  that  air^  supposing  it  dry,  and  free  from  all 
impurities,  u  a  mixture  of 


Oxyen  gas 

Azotic  gas 


20-833 
79*166 


lOO- 

This  determination  remained  for  nearly  20  years  unnoticed, 
and  not  adopted  by  chemists.  It  was  confirmed  by  the  expe- 
riments of  Da\^,  about  tlie  beginning  of  the  present  century. 
Berthullet  also  confirmed  it  whik'  in  Eg\'pt,  These  experi- 
invnters  concluded,  that  atmospherical  air  is  a  mixture  of  21  oxy- 
gen and  79  iizotic  gas;  proportions  which  were  confirmed  by 
the  stdisequent  experiments  of  Dalton  and  Gay-Lussac  and 
I  [umboldt. 

"Diese  proportions  differ  vctj  little  from  the  result  of  my 
own  experiments.  ITie  mean  of  ten  experiments  in  which  I 
removed  the  oxygen  from  common  air,  by  means  of  phospho- 
rus, gave  me  air,  a  mixture  of 


Oxygen 
Azotic  gas 


20 
80 


100 

This  result  ^•as  confirmed  by  decomposing  common  air  by 
means  of  hydrogen  gas.     The  reason  why  experimenters  in 


Phil.  Tnins.  1783,  p.  107* 


58  SIMPLE  SUPPORTERS. 

Chap.  I.  general  obtain  less  than  80  per  cent  of  azotic  gas,  seems  to 
be,  that  a  small  quantity  of  this  gas  is  consumed  during'  the 
experiment,  probably  it  is  converted  into  ammonia. 

6.  Oxygen  is  rather  a  bad  refractor  of  light.  If  we  reckon 
the  refracting  power  of  air  unity,  then  that  of  oxygen  gas^ 
according  to  the  result  of  the  experiments  of  Dulong,*  is  0*324. 
ozidetwhat  7.  When  substances  are  burnt  in  oxygen  gas,  or  in  any 
other  gas  containing  oxygen,  if  the  air  be  examined  after  the 
combustion,  we  shall  find  that  a  great  part  of  the  oxygen  has 
disappeared.  If  charcoal,  for  instance,  be  burnt  in  oxygen  gas, 
there  will  be  found,  instead  of  part  of  the  oxygen,  another  very 
different  gas,  known  by  the  name  of  carbonic  acid  gas.  The 
oxygen  in  this  case  combines  with  the  combustible  body.  The 
new  compound  formed  is  called  an  oxide^  or  sometimes  an  aciiL 
Exactly  the  same  thing  takes  place  when  air  is  respired  by 
animals;  part  of  the  oxygen  gas  disappears,  and  its  place  is 
occupied  by  substances  possessed  of  very  different  properties. 

8.  Oxygen  gas  is  not  sensibly  absorbed  by  water,  though 
jarfids  of  it  be  left  in  contact  with  that  liquid.  It  has  been 
ascertained,  however,  that  water  does  in  reality  absorb  a  small 
portion  of  it,  though  not  enough  to  occasion  any  perceptible 
diminution  in  the  bulk  of  the  gas.  When  water  is  freed  from 
all  air  by  boiling  and  the  action  of  the  air-pump,  Dr.  Henry 
ascertained,  that  100  cubic  inches  of  it  will  imbibe  3*55  inches 
of  oxygen  gas.t  Saussure  found  that  water  in  the  same  cir- 
cumstances, absorbs  6*5  cubic  inches  of  this  gas4  But  Mr. 
Dalton  lias  rendered  it  probable  that  Saiissure's  estimate  is 
considerably  above  the  truth.§ 

9.  The  weight  of  an  atom  of  oxygen  in  the  subsequent  part 
of  this  work  will  be  denoted  by  1.  A  volume  of  oxygen  is 
equivalent  to  2  atoms,  pro\dded  we  suppose,  as  I  have  done, 
tliat  water  is  a  compound  of  1  atom  of  oxgen,  and  1  atom  of 
hydrogen. 

SECTION  II. OF  CHLORINE. 

Dtacorery.  This  substance  was  discovered  by  Mr.  Scheele,  and  an  account 
of  it  published  by  him  in  tlie  Memoirs  of  the  Swedish  Academy 
of  Sciences,  for  1774,  in  his  celebrated  paper  on  Manganese, 
which  had  occupied  him  for  three  years.  ||     He  gave  it  the 

*  Ann.  de  Chim.  et  de  Phys.  xxxi.  1G6. 

t  Phil.  Trans.  1803,  p.  174.  J  Annals  of  Philosophy,  vi.  340. 

§   Annals  of  Philosophy,  vii.  218. 

II   Memoircs  de  Chymie  de  M.  C  W.  Scheele,  i.  G7. 
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name  of  depMogtdicated  muriatic  adtfy  considering  it  as  niuri-     sert.  il 
atic  aeul  deprived  of  phloti^istoiL      Berlliollet  made  a  set  of 
experimeiit'i  on  it,  about  the  year  1785^  wliicli  were  pnl>lislied 
in  tlie  Memoirs  of  the  French  Academy  of  Sciences.     He  con- 
sidered himself  to  have  proved  that  it  h  a  compound  of  muriatic 
acid  and  oxyjE^en ;  jui  opinion  wliicli  was  soon  at*ter  adopted  by 
the  chemical  worUl  in  geiieraL     Oi  that  account  it  received 
the  name  of  oxijijenizfd  muriatic  acid,  which  M'as  aftenvards 
contracted  by  Mr.  Kirvvan  to  (hri/muriatie  acid*     Hie  experi- 
ments of  Scheele  and  BertboUet  were  repeated  and  varied  by 
all  the  eminent  chemlstH  of  the  time.      Bnt  the  first  great  addi- 
tion to  the  discoveries  of  tliese  philosophers  was  mafle  by  Gay- 
Lussttc  and  Tlienard,  and  published  Ijy  tliem  in   1811,  in  the 
second  vobnne   of  the    Rechfrches    Pht/sicfh-c/iimiqne^  p,    94. 
They  showed  that  the  opinion  that  oxymuriatic  acid  contains 
no  oxygen  might  be  sapported.     But  at  the  same  time  iu^sigaed 
their  reasons  for  considering  the  old  opinion  as  well  founded. 
An  abstract  of  these  important  experiments  had  been  pubEshed 
hoM'ever  iu  1809.*     These  experiments  drew  the  attention  of 
Sir  Humphry  Davy  to  the  subject,  and  he  soon  alter  commu- 
nicated a  paper  to  the  Royal  Society  to  show  that  no  oxygen 
gas  could  be  separated  from  oxyniiiriatic  acid,  uor  any  proof 
produced  that  it  contxiined  oxygen.     TliLs  paper  was  pnbtished 
in  the  Philosophical  Transactions  lor  iHlO.f     It  wm  speedily 
followed  by  another  paper  upon  the  same  snbject4      He  drew  as 
a  conclusion  tluit  oxymuriatic  acid  is  an  uudecom pounded  snl>- 
stanee;  on  that  account  he  applied  to  it  the  new  name  chlorine f 
from  tJie  green  colour  which  it  possesses,}     And  this  name 
\m»  been  generally  adopted   liy  chemists.     Few  cliemists  were 
disposed  at  first  to  accede  to  the  opinion  of  Davy.     But  suIj- 
seipient  discoveries  have  greatly  augmented  the  weight  of  \m 
reasoning,  and,  at  present,  his  view  of  the  suliject  is,  I  believe, 
uidversally  adopted. 

It  may  be  obtained  by  the  follow^ijig  method.  Put  into  a  Prtiwauon, 
small  glass  retort  a  quantity  of  the  black  oxide  of  manganese 
in  powder,  and  pour  over  it  as  much  of  the  common  muriatic 
acid  of  the  shops  as  will  make  the  whole  into  a  very  thin  paste. 
Then  plunge  the  beak  of  tlie  retort  into  the  water  trough,  and 
place  over  it  a  stout  glass  pliial  capable  of  hoklijig  about  a 


♦  MecDoircs  d'Arcucil,  ii.  295. 

*  Phil.  Traiw.  1811,  p.  1. 


t  P,  231, 
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Chap.  I.     quarts  previously  filled  with  water.     Apply  tlie  heat  of  a  lamp 
to  the  bottom  of  the  retort.     A  gas  is  extricated  wliich   enters 
into  the  mouth  of  the  inverted  ]>hiaU  displaces  tlie  water  and 
fills  it.     As  soon  as  the  phial  is  full  it  is  to  be  M^thdrawn  and 
^K  it5  mouth  airefidly  stopped  with  a  glass  stopper,  accurately 

^H  ground  so  as  to  fit,  and  which  must  be  previously  pro\dded. 

^B  Other  phials  may  be  then  sulistituted  and  iilled  in  succession, 

^H  till  the  requisite  quantity  of  gas  is  obtained. 

^H  Manufacturers  prepare  it  by  mixing  together  common  salt, 

^H  black  oxide  of  manganese,  and   sulphuric  acid  diluted  with 

^H  water*      If  the  manganese  be  perfectly  pure  teroxide,  the  pro- 

^^^^     portions  of  these  substances  to  be  employed  are  as  follows 
^^^H  Common  salt  7*5 

^^^^H  Teroxide  of  mangimese  5*5 

^^V  Sulphuric  acid  (sp.  gr.  1*837)  12*25 

^m  Tlie  acid  should  be  previously  diluted  witli  its  own  weight  of 

^H  \rater.     The  mixture  is  put  into  leaden  stills  enclosed  in  iron. 

^H  The  acid  should  l>e  added  in  smali  quiuitities  at  a  time-      At 

^H  first  the  chlorine  comes  off  without  juiy  heat*     After  it  ceasei 

^H  to  be  disengaged,  tlie  still  shoidd  i»e  heated  by  means  of  steam, 

^H  and  the  contents  of  it  should  be  frequently  stirred  to  prevent 

^H  the  manganese  from  falling  to  the  bottom,  which  would  retard 

^H  or  stop  altogether  the  extriciitiou  of  the  chlorine. 

^H  Tlie  extrication  of  the  chlorine  might  be  accomplished,  tliough 

^H  only  half  the  sulphuric  acid  above  stated  were  employed;  but 

^H  in  that  case  the  vessels  woidd  be  much  more  injured.      It  is 

^H  found  on  that  account  more  economical  to  use  a  superabundance 

^H  of  sulphuric  acid.     M an ufuct infers  know  how  to  prevent 

^m  excess  of  acid  from  being  lost. 

Cldorine  thus  prepared,  possesses  the  following  properties. 

^f^'p^^^^^  1.   It  has  a  yeliowish  green  coh>ur.     The  consequence  of 

which  isj  that  a  jxhial  filled  with  it  has  the  appearance  of  being 

filled  with  a  transparent  yellowish  green  vapour.     Its  smell  is 

^m  strong  and  sufFocfiting,  similar  to  that  of  fupta  regia.      WTien 

^H  a  person  is  obliged  to  inspire  the  fumes  of  chlorine,  it  produces 

^B  a  most  insufferable  sensiition  of  suffocation-,  occasions  a  violent 

^H  cough  with  much  expectoration,  Avhich  contin!u\s  for  some  time, 

^H  and  brings  on  a  very  great  degree  of  debility.     Its  taste  is. 

^H  astringent.     Thus  it  is  distinguished  from  oxygen  gaa  by 

^^  colour,  taste,  and  smell. 

S|.  fravHy.        2,  Its  spcclfic  gravity  ^vas  at  first  stated  too  low,  obviously 
because  the  specimen  examined  had  not  been  quite  free   from 
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all  admixture  of  common  air*  Davy  stated  it  to  be  *2-39*2** 
But  ill  Ids  Elements  of  Chemical  Pliilosopliy,  publisiied  in  1812, 
he  says,  that  100  cubic  inches  of  it  weigh  betvreen  7(i  ami  77 
gmins.f  If  we  take  the  mean  of  these  two  iiuml)er8,  tlie  spe- 
cific gravity  will  be  2-4568.  Gay-Lussae  aiut  Theuanl  deter- 
mined the  specific  gravity  of  tliis  gas  to  be  ^*47004  They 
[Lscertaiued  tlie  purity  of  tfje  gas  employed  by  cau^ng  it  to  be 
absorljed  by  caustic  potash,  after  having  proved  that  it  con- 
tained no  carbonic  acid.  Notliuig  b  said  in  these  experiments 
about  dryii»g  the  gas.  If  it  containeil  vapour  of  water,  it  is 
obvious  that  the  numbern  given  would  be  below  the  truth.  A 
careful  set  of  experiments,  ina<le  in  my  hiboratory,  gave  the 
specific  gravity  2*5.  This  was  the  specific  gravity  already 
deduced  by  l^f*  Front,  from  tiieoretical  considerations.  I  have 
no  doubt  that  it  i§  the  true  gravity  of  chlorine  gtis, 

3.  U  refracts  light  very^  powerfully.  According  to  Duiong, 
if  we  reckon  the  refracting  power  of  air  K  that  of  chlorine  will 
be  t2'6t>a§ 

4.  When  any  vegetable  blue  colour  is  exposed  to  the  action 
of  chlorine,  it  is  immediately  destroyed^  and  cannot  afterwards 
be  restored  by  any  metliod  whatever.  Indeed  chlorine  pos- 
sesses the  property  of  destroying  all  vegetable  C4dours,  and 
of  rendering  coloured  bodies  white.  This  property  was  first 
observed  by  Scheele.  The  knowledge  of  it  intluced  Ber- 
thiillet  to  propose  the  introduction  of  chlorine  into  tlie  practice 
of  bleaching.  This  suggestion  him  been  successfully  adopted 
in  Great  Britain  and  Ireland.  At  jiresent  all  rhe  great  bleach- 
ing works,  in  tliis  country,  employ  chlorine  as  the  grand 
whitening  agent.  For  the  first  introduction  of  it  we  are 
indebted  to  Mr.  Watt.|l 

The  process  followed  is  to  combine  unslacked  quicklime  and 
chlorine,  by  Leaving  them  for  a  suificient  time  in  contact.  The 
compound  thus  formed  is  usually  called  bleach  in//  pmvder*  It 
is  a  rhloride  of  hme*  At  first  it  consisted  of  two  atoms  of  lime 
united  to  one  atom  of  chlorine.  But  now  it  is  manufactured 
in  Glasgow  so  strong,  as  to  be  a  compound  of  one  atom  of 


Sfct.It 


colour^ 


Bleach  kng 
powder, 


•   He  states  in  his  researchea  on  oxy-muriatic  acul,  (Phil.  Trans.  1810), 
that  too  cubic  inches  of  it,  under  the  mean  pressure  and  temperature  weigh 

t  P.  Me. 

I  Recherches  Physico-Chimifiuc,  ii.  125. 
§  Ann.  de  Chim.  et  de  Phys.  xxxi.  166. 
I  See  Annals  of  Philosophy,  vtii.  1* 
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chnp.  I.  chlorine  and  one  of  lime.  Tliis  powder  is  dissolved  in  water. 
The  cloth  is  first  boiled  in  an  alkaline  ley,  and  the  temperature 
is  raised  somewhat  higher  than  tliat  of  boiling  water.  It  is 
then,  after  being  washed,  steeped  in  the  solution  of  chloride 
of  lime.  If  the  bleacldng  be  not  completed  by  this  first  pro- 
cess, it  is  again  repeated.  Cotton  is  much  more  easily  bleached 
than  linen,  by  this  process. 

5.  If  a  lighted  taper  be  plunged  into  a  phial  filled  with 
chlorine  gas,  it  continues  to  burn  with  a  low  red  flame,  emit- 
ting much  smoke,  but  giving  out  but  little  light  If  a  piece 
of  phosphorus  be  put  into  this  gas  it  takes  fire  of  its  own  accord, 
burning  with  a  pale  yellowish  green  light.  Antimony,  like- 
wise, arsenic,  zinc,  iron,  and  several  other  metals,  take  fire  of 
their  o\ni  accord  when  plunged  into  chlorine,  and  bum  with 
considerable  splendour.  During  all  these  cases  of  combustion 
the  quantity  of  chlorine  diminishes,  and  if  the  portion  of  com- 
bustible be  sufficient,  the  gas  disappears  altogether.  The 
combustible  is  totally  altered  in  its  appearance  and  converted 
into  a  new  substiuice,  which  has  received  the  name  of  chloridt* 
This  chloride  is  a  compound  of  the  combustible  substance  and 
the  chlorine. 

6.  If  an  animal  be  plunged  in  an  atmosphere  of  chlorine,  so 
as  to  be  obliged  to  breathe  it  in  a  pure  state,  it  dies  almost 
instantly.  This  gas  then  is  incapable  of  supporting  animal 
life.     In  this  respect  it  differs  entirely  from  oxygen  gas. 

Liquifledby  7.  When  tliis  gas  is  exposed  to  a  pressure  of  about  four 
atmospheres,  and  at  the  same  time  cooled,  it  is  condensed  into 
a  liquid,  as  was  first  discovered  by  Mr.  Faraday.*  Liquid 
chlorine  is  a  limpid  yellow  coloured  fluid,  exceedingly  volatile. 
When  the  pressure  is  removed  it  is  very  nipidly  dissipated,  and 
with  considerable  violence.  "Wlien  cooled  down  to  0**,  before 
taking  off  the  pressure,  it  produces  so  much  cold  by  evaporating, 
that  a  portion  remains  fluid,  even  at  the  common  pressure  of 
the  air.  The  temperature  in  this  case  must  be  below  — 40*. 
For  Davy  showed  that  chlorine  gas  does  not  liquefy  at 
— 40**.  Tlie  specific  gravity,  of  liquid  chlorine  is  very  nearly 
1*33.  Its  refracting  power  is  a  little  less  than  tliat  of  Mister. 
It  is  a  non-conductor  of  electricity. 

8.  Water  absorbs  tliis  gas  with  considerable  rapidity,  pro- 
vided the  gas  be  pure ;  but  much  more  slowly  when  it  is  mixed 
with  air  or  any  other  foreign  gas.     According  to  the  experi- 

*  Phil.  Trans.  1823,  p.  160. 


menu  of  Dalton,  one  volnme  of  waler  at  the  ordinary  tempera-     ^'^  ^'- 

Ml  re,  and  under  the  eommon  pressure,  a!>sar!>s  Hvo  volumes  of 
elilorine  gas.*  TJie  wiiter  acquirer  the  greenbh  yellow  colour^ 
ilie  tlisagreeable  smell,  the  astringent  taste,  an<l  the  whitening  J 

(jualities  of  the  ga8  itnelf. 

When  this  liquiil  is  kept  for  some  time  in  a  temperature  as  D«i.hyd«U' 
low  an  36°,  crystalii  in  plates  of  a  strong  yellow  colour  aj)pear  *"  ^ 
in  it.  These  crystals  are  more  readily  obtained,  if  a  little 
water  be  put  into  a  phial  filled  witli  chlorine  gits,  and  tlie  whole 
left  for  some  time  at  a  temperature  of  iiJi"*  or  ;34'*.  These  crys- 
tals had  been  observed  soon  after  tlie  discovery  of  chlorine  gtLs. 
But  it  was  Davy  who  first  ascertained  them  to  be  a  compound 
of  chlorine  and  water.  The  crygtallization  goes  on  best  in  a 
dark  place.  n»e  crystals  are  ssometimes  long  needles;  some- 
times they  appear  octahedrons,  or,  at  least,  exhibit  octaliedral 
faces.  When  the  phial  Ls  exposed  to  the  light,  the  crystals 
attach  themselves  to  the  side  next  the  window,  as  is  the  case 
with  camplior.  The  specific  gravity  of  these  crystals  at  32*, 
as  determined  by  Mr.  Faraday,  is  1-2.  These  crystals  act 
upon  different  substances,  nearly  as  chlorine  gas  would  do. 
\^1ien  they  are  thrown  into  alcohol,  the  temperature  rises 
8  or  10  degrees,  a  pretty  violent  action  takes  place,  chloric 
etlier  and  muriatic  acid  are  formed^  and  likewise  a  small  quan- 
tity of  a  triple  compound  of  chlorine,  carbon,  and  hydrogen. 
Tliis  hydrated  chlorine  hus  analyzed  by  Mr.  Faraday,  who 
found  it  a  compound  of 

Chlorine       .  '27*7 

Water         .  7*2-8 


lOOf 
Now  It  will  appear  afterwards  that  the  atom  of  chlorine  weighs 
4*5,  and  the  atom  of  water  1*125,  If  we  consider  the  chlorine 
in  the  compound,  as  constituting  1  atom,  then  the  water  m  a 
little  more  than  ten  atoms:  for  27-7  :  :  72*3  :  :  4*8  :  11 '746. 
Now  ten  atoms  of  water  weigh  11-25.  The  0*496  of  excess 
is  not  sf*  much  as  half  an  atom.  And  doubtless  it  existed 
mechanically  lodged  between  the  plates  of  the  crystals.  These 
cr)^tals  then  constitute  a  deci-hydrate  of  chlorinej  composed  of 

•  Dttlton*s  New  System  of  Chemistry,  iL  293, 

f  Royid  Institution  Journal,  xv.  71. 

\  I  express  the  number  of  atoms  of  the  s«b«taiice  which  acts  the  part  of 
an  add  in  a  compound  by  prefixing  the  Latin  numerals ;  and  the  number  of 
ttlonia  of  the  b^ise,  by  prefixing  the  Greek  inimeral*. 
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ch«p.  I.  1  atom  chlorine  =    4*5 

10  atoms  water  =  11 '25 


15-75 

9.  Wlien  chlorine  in  combination  with  any  other  body  is 
exposed  to  the  action  of  the  galvanic  battery,  the  compound  ia 
decomposed  and  the  chlorine  is  deposited  at  the  positive  pde, 
while  the  other  substance  is  deposited  at  the  negative  pole. 
The  only  exception  to  this  rule  is  when  chlorine  and  oxygen 
are  in  combination ;  in  such  a  case  the  oxygen  is  given  off  at 
the  positive  pole,  and  the  chlorine  at  the  negative  pole.  At 
liigh  temperatures  chlorine  displaces  oxygen  from  its  com- 
bination vnth  several  of  the  metals  and  unites  with  thei9 
itself. 

10.  Chlorine  gas  may  be  exposed  to  a  very  high  temperature 
by  passing  it  through  a  white  hot  porcelain  tube,  without  expe- 
riencing any  change. 

SiS*folS  ^^'  Chlorine  lias  the  property  of  combining  with  oxygen, 

dMa^^jxy.  and  of  forming  four  distinct  substances,  which  have  been  par- 
*™*  ticularly  cxamhied.     We  cannot  form  the  combination  directly. 

All  these  compounds  are  obtained  by  means  of  a  salt  first  pre- 
pared and  described  by  BerthoUet.  It  was  long  distinguished 
by  the  name  of  hyperoxymnriate  of  potash,  a  name  which  has 
been  changed  into  c/dorate  of  potash.  It  is  obtained  by  dis- 
solving a  quantity  of  the  common  potash  of  the  shops  in  water, 
and  causing  a  current  of  chlorine  gas  to  pass  through  the  solu- 
tion as  long  as  it  continues  to  be  absorbed.  After  some  time 
flat  rhoml)oidal  crystals  possessing  considerable  lustre  are  depo- 
sited ;  these  crystals  constitute  the  salt  in  question.  Let  us 
explain  the  way  in  which  the  different  compounds  of  oxygen 
and  chlorine  may  be  obtained  from  it. 
1.  Protoxide  (1.)  When  this  salt  is  put  into  a  small  elass  flask  and  muri- 
atic  acid  poured  over  it,  an  eniervescence  takes  place  and  a 
greenish  yellow  gas  is  extricated  in  abundance.  If  the  muri- 
atic acid  be  diluted  with  water,  and  the  quantity  of  salt  with 
which  it  is  mixed  be  considerable  in  proportion  to  that  of  the 
acid,  and  if  a  very  gentle  heat  only  be  employed,  a  gas  is 
extricated  very  slowly,  which  may  be  received  in  small  glass 
jars  standing  over  mercury.  After  the  gas  has  been  prepared 
in  this  manner,  it  is  better  to  allow  it  to  remain  for  24  houn 
in  contact  with  the  mercury.  For,  as  originally  prepared^  it 
always  contains  a  good  deal  of  chlorine  gas  mixed  with  it, 
which  disguises  and  greatly  injures  its  properties.     Mercury 


of  chlorine. 
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lias  the  property  of  absorbing  and  uniting  %vjth  eliloriiie,  while 
ir  does  not  act  upon  the  new  gns.  It  therefore  gmdually  removes 
the  dilorine,  and  leaves  the  new  gas  in  a  state  of  purity. 

The  iiew  gas  prep*ired  in  the  way  just  described  wfi&  dis- 
covered, in  1811,  by  Sir  Humphry  Davy,  who  gave  it  tlie 
name  of  euchlorhie.^  But  it  will  he  better  to  distiugui&h  it 
by  the  appellation  of  protoxide  of  chionitt\  iudit-attiig  by  that 
name,  tliat  it  is  a  compound  of  chlorine  Mith  the  smallest 
quantit)'^  of  oxygen  witf»  which  it  is  capalde  of  combinuig.  It 
poasesses  the  following  properties* 

Ir.s  colour  is  much  more  intense  and  more  yellow  than  tliat 
of  chlorine.  When  contained  in  a  small  glass  tube  it  still 
appears  of  a  very  lively  yellow,  wherea^s  chlorine,  in  the  same 
circumstiuices^  would  scarcely  be  visible. 

Its  smell  resembles  that  of  burnt  sugar,  mixed,  liowever, 
with  the  odour  of  chlorine.  In  all  prol»ahility  this  last  odour 
i»  owing  to  the  presence  of  a  small  portion  of  this  gas.  For 
it  is  extremely  ditficuk  to  free  it  completely  from  chlorine. 

When  a  m(»d crate  heat  is  applied  to  a  vessel  filled  with 
protoxide  of  chlorine,  an  explosion  takes  place,  and  the  gas  is 
decomposed  into  a  mixture  of  chlorine  and  oxygen  gas.  A  very 
gentle  heat  is  sufficient  to  produce  this  decomposition,  some- 
ttmes  even  the  heat  of  the  hand  will  do  it.  The  explosion  is 
hut  feeble.  According  to  the  experiments  of  Davy,  five  volumes 
of  protoxide  of  chlorine  become  six  when  decomposed,  and  the 
decomposed  gas  is  a  mixture  of  two  volumes  of  chlorine,  and 
ane  volume  of  oxygen.f  Ileuce  it  is  composed  by  weight  of 
Chlorine  ,  ,  5000  81*82  4-50 
Oxygen      .     .     MI!  1818         1-00 


iScctH 
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100*00 

N6w  if  we  make  1"00  represent  the  weight  of  an  atom  of 
oxygen,  the  atoms  of  chlorine  will  be  4*5.  So  that  protoxide 
of  chlorine  is  a  compound  of  one  atom  of  chlorine  and  one  atom 
of  oxygen. 

From  the  preceding  data  it  foUovi^s  that  the  specific  gravity 
of  protoxide  of  chlorine  is  2-444,  supposing  the  specific  gravity 
of  air  to  be  LJ 

This  gas  destroys  vegetable  colours,  as  well  as  chlorine ; 
but  it  first  gives  blue  colours  a  tint  of  red. 

•   Phil.  Tran*.  181 1,  p,  155.  f  Ibid.  p.  157. 

I  Mr.  Harve)'  at  my  request  tried  the  epecific  gravity  of  thjs  gas  in  my 
laboratory.     He  obtained  ?^400,  which  I  consider  as  a  good  approximation. 
I.  F 


66  SIMPLE  SUPPORTERS. 

chapL  t         Several  substances,  as  phosphorus,  take  fire  when  they  come 
in  contact  with  protoxide  of  chlorine,  and  occasion  an  explosioiL 
Water  absorbs  eight  times  its  volume  of  this  gas  and  acquires 
an  orange  colour,  and  the  peculiar  smell  of  the  gas. 

8.Qiudroxide  (2.)  The  Quadroxide  of  chlorine  was  discovered  about  the 
same  tune  by  Sir  Humphry  Davy  and  Count  von  btadion,  at 
Vienna ;  but  Davy's  account  of  it  was  published  sooner  dian 
that  of  Count  Von  Stadion.*-  The  method  of  obtaining  it  is 
as  follows:  mix  together  a  small  quantity  (not  more  than  50 
grains)  of  chlorate  of  potJish  *in  powder  with  sulphuric  add, 
till  the  whole  forms  a  dry  paste,  which  will  have  an  orange 
colour.  Put  this  paste  into  a  small  glass  retort,  and  plunge 
the  belly  of  th^  retort  into  hot  \i^ter,  and  keep  it  in  that  poaitMB 
for  some  time,  taking  care  that  the  temperature  of  the  water 
never  becomes  so  high  as  212®.  A  bright  yellowish  green 
gas  separates  from  the  paste,  which  must  be  received  in  small 
glass  jars  standing  over  mercury.  This  gas  constitutes  the 
deutoxide  of  chlorine.     It  possesses  the  following  properties. 

rropertiM.  Its  colour  is  a  still  brighter  yellowish  green  than  that  of 
protoxide  of  chlorine.  Its  smell  is  peculiar  and  aromatics,  with- 
out any  mixture  of  the  smell  of  chlorine.  Water  absorbs,  at 
least,  seven  times  its  volume  of  this  gas.  The  solution  is  deep 
yellow,  and  lias  an  astringent  and  corrosive  taste,  leaving  a 
disagreeble  and  lastuig  impression  on  the  tongue.  It  destroy! 
moist  vegetable  blues  M'ithout  previously  reddening  them.  It 
does  not  act  upon  mercury,  nor  upon  any  of  the  combustible 
sul>stances  tried  by  Davy,  except  phosphorus;  which,  when 
introduced  into  the  gas,  occasions  an  explosion,  and  bums  with 
gjeat  brilliancy. 

When  heated  to  the  temperature  of  212°  it  explodes  witk 
more  violence  than  protoxide  of  chlorine,  giving  out  mudi 
light  Two  voliunes  of  quadroxide  of  clilorine  w*hen  thus 
exploded  are  converted  into  three  volumes,  consisting  oft 
mixture  of  two  volumes  of  oxygen  and  one  volume  of  chkh 
rine.f     Hence  it  is  composed  by  weight  of 

Chlorine  .         .         2-5  4*50 

Oxygen    .         .         2-222         4*00 
Now  as  the  weight  of  an  atom  of  chlorine  \i-as  represented  bj 

•  Davy's  account  is  published  in  the  Philosophical  Transactions  for  1815^ 
p.  214^  Count  Von  Stadion's  in  Gilbert's  Annalen  dcr  Phyack,  liL  17^ 
dhU  -  ^-^ivniy,  1S16. 

^vu.  1S15,  p.  216,  and  Gajr-Losau:.  Aim.  de  ( 
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4*5,  and  tliat  of  nn  atom  of  oxygen  by  one,  we  see  from  the 
last  column  of  ibe  preceding  Uibie  tliat  the  deutoxide  of  chlo- 
riiie  Is  campoised  of  one  atom  of  eldoriiie  combined  with  four 
atom.^  of  oxygen.* 

From  the  preceding  data  it  is  olivions  that  the  specific  gm- 
vity  of  cjuadroxide  of  chlorine  must  be  2';361,  supposing  that 
of  common  air  to  be  1  '000, 

{tX)  The  third  compound  of  cklortne  and  oxygen  is  called  ^^^'^ 
ckioric  acid.  It  was  fir»t  obtained  in  a  separate  state  by  M» 
Gay-Lussac»  It  is  the  acid  which  cxisU  in  chlorate  of  potash* 
His  method  of  obtaining  it  in  a  separate  state  was  as  ftiUows  :  < 
he  prepared  chlorate  of  barytes  by  the  methotl  pointed  out  by 
Mr,  Chene\dx,  which  will  be  described  in  asubseqnent  part  of 
this  work,  This  salt  was  dissolved  in  water,  and  clihite  sul- 
phuric acid  cautiously  added  to  it  as  long  as  any  precipitate 
continued  to  fall.  By  thi^  metliml  all  the  barytes  was  removed 
from  the  liquid  i^-ithout  adding  any  excess  of  sulphuric  acid,  so 
that  on  filtering  nothing  remained  but  chloric  add  held  in 
solution  by  the  ^'ater.  This  acid  possesses  the  following  pro- 
perties.f 

It  has  no  sensible  smell  Its  solution  in  w^ter  is  colourless,  Prepefti««. 
and  it  reddens  vegetable  bines  without  destroying  them*  Light 
does  not  decompose  it.  It  may  be  concentrated  by  a  gentle 
heat  without  undergoing  decomposition,  and  without  being 
volatilized  along  with  the  water.  When  concentrated  it  has 
somewhat  of  an  oily  consistency.  When  heated  it  is  partly 
decomposed  into  chlorine  and  oxygen,  and  jiartly  volatilized 
without  alteration.  Muriatic  acid  decomposes  it  in  the  same 
manner  witliout  the  necessity  of  applying  heat.  It  combines 
with  the  different  bases  and  forms  the  genus  of  salts  called 
cMonttcHy  to  [>e  described  in  a  subsequent  part  of  this  work. 

When  100  pt'U"ts  of  dry  chlorate  of  potash  are  exptised  to  a 
red  heat  in  a  retort,  a  quantit)'  of  oxygen  gas  is  driven  off, 
wliich  weighs  38*88  parts.f      The  residue  weighing   61*12 

•  According  to  C-ount  Von  Sladian,  its  constituents  arc  two  vcilumes 
chlorine  and  three  volumes  oxygen-  This  would  make  it  \\  compound  of 
one  atom  chlorine  and  three  atoms  oxygen*  But  the  properties  of  the  sub- 
itance  tlcscribcd  by  the  Count  differ  so  much  from  those  of  the  gas  examined 
by  Davy,  that  it  is  probable  they  ore  distinct  substances.  The  reader  will 
find  an  account  of  the  properties  of  the  deutoxide  of  chlorine  of  Count  Von 
Stmdion  in  the  Annals  of  Philosophy,  vol.  ix.  p«  2^ 

f  Gay-Lunac,  Annals  of  Philosophy,  vi.  129. 

X  Berzelitia  in  a  late  expenment  obtained  3SM15  gr.  of  oxygen,  whrch 
almost  coincides  with  the  number  in  the  text. 
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Chap.  I.  parts,  is  a  compound  of  32*196  of  potassium  and  28*924  of 
chlorine.*  But  32*  196  of  potassium  require,  in  order  to  be 
converted  into  potash  (in  which  state  they  existed  in  the  salt), 
6*576  of  the  oxygen.  There  remain  32*304  of  oxyg^en,  which 
must  have  been  combined  with  28-924  of  chlorine,  and  this 
compound  must  have  constituted  chloric  acid.  According  to 
this  statement  chloric  acid  is  composed  of 

compotiuon.  Chlorine         .         .         28-924         4-50 

Oxygen  .         .         32-304         5-02 

We  see  from  the  last  column  tliat  it  is  a  compound  of  one 
atom  of  chlorine  and  five  atoms  of  oxygen.  For  the  weight 
of  an  atom  of  chlorine  is  4-5,  and  that  of  an  atom  of  oxygen 
one.f 

4.  FteRfaioric  (4.)  The  fourth  compound  of  chlorine  and  oxygen  is  like- 
wise an  acid.  We  may  distinguish  it  by  the  name  of  per- 
chloric acid.  It  was  discovered  by  Count  Von  Stadion,  and 
may  be  obtained  in  the  following  manner. 

When  the  quadroxide  of  chlorine  is  extricated  from  a  mix- 
ture of  sulphuric  acid  and  chlorate  of  potash,  a  peculiar  salt 
is  formed  which  remains  behind  in  the  retort.  W^e  obtam 
this  salt  l)est  when  we  use  three  or  four  grains  of  strong  sut 
phuric  acid  for  every  grain  of  chlorate  of  potash  employed. 
After  the  first  violent  action  of  the  acid  is  at  an  end,  heat  is 
to  be  applied  and  continued  till  the  yellow  colour  of  the  muB 
disappear.  Tlie  salt  formed  in  this  way  is  mixed  with  bisul- 
phatc  of  potashjj  which  may  be  separated  by  a  second  crys^ 
tallization.    Tlie  purified  salt  possesses  the  following  properties. 

P^opertiw.  It  is  quite  neutral,  ||  it  is  not  altered  by  exposure  to  the  air, 
and  has  a  weak  taste  similar  to  that  of  muriate  of  potashf 
It  dissolves  in  considerable  quantity  in  boiling  water;  bnt 
water  of  the  temperature  60°,  dissolves  only  ^'yth  of  its  we^t 
of  it.      In  alcohol   it  is   quite   insoluble.      Its  crystals  are 

*  That  this  is  the  case  will  be  shown  in  a  subsequent  part  of  tluB  wo^ 
The  evidence  would  not  be  understood  here,  if  it  were  given. 

f  Sir  H.  Davy  considers  chloric  acid  as  a  compound  of  one  atom  chlorine 
and  six  atoms  oxygen.  The  reason  is,  that  he  believes  the  potash  to  eiiH 
in  the  salt  in  the  state  of  potassium,  and  therefore  adds  the  other  atom  of 
oxygen,  which  we  have  supposed  in  the  text  to  be  united  to  the  potasakia^ 
to  the  chlorine. 

I  A  salt  which  will  be  described  in  a  subsequent  part  of  this  work. 

U  That  is  to  say,  it  does  not  affect  the  colour  of  vegetable  blues. 

§  Or  ch/oride  of  potatsium,  a  substance  to  be  described  in  a  «ubseq[um 
part  of  this  work. 
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elongated  octahedrons  similar  to  the  primitive  form  of  sulphate  of 
lead,  and  resemblitit^f  the  variety  which  has  two  prismatic  faces 
between  the  pyramids**  It  dotoiiatcs  feebly  when  triturated  in 
SI  murtar  with  snlphur.  When  heated  to  the  temperature  of 
412^  it  IB  decomposed  and  converted  into  chhride  of  polamium\ 
and  oxygen  gas.  When  it  is  mixed  witli  its  own  weight  of 
milphurie  acid  and  exposed  to  a  heat  of  •280''  in  a  retort,  it  is 
decoraposed,  and  the  acid  ivhieh  it  contains  may  be  distilled 
over.  The  acid  may  likemse  be  formed  artificially  by  expos- 
ing quadroxide  of  chlorine  to  voltaic  eleetricitj^  in  an  apparatus 
constrncted  with  platinum  wires.  According  to  the  experi- 
ments of  Count  \on  Stadion,  when  this  salt  is  exposed  to  heat 
it  yields  45*9*2  parts  of  oxygen  gas,  and  there  rensuin  54JJ8 
parts  of  chloride  of  potassium.  Now  54*08  of  chloride  of  pot- 
assiimi  are  composed  of 

Potas^^ium         .         ,         *28'49 
Chlorine  .         .        25-39 
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But  28" 49  parts  of  potassium  require  5*819  parts  of  oxygen  in 
order  to  be  converted  into  potash.  There  remain  40-1  parts 
of  oxygen.  According  to  thi^i  result  perchloric  acid  is  com- 
posed of 

Chlorine  .         ,  25*59  4*500 

Oxygen  .         *         40*1  7*012 

Hence  it  appears  that  this  acid  is  a  compound  of  one  atom  of 

chlorine  and  seven  atoms  of  oxygen4     The  experiments  of 

Count  Von  Stadion  have  been  confirmed  by  those  of  Davy. 

Thus  it  appears  that  the  four  compounds  of  chlorine  and 
oxygen  are  composed  as  foUow^s. 


Chlnrine.  Oitfgco. 

1  atom  +  1  atom 

I  +  4 

1  +  5 

1  +  7 


L  Protoxide  of  chlorine 
2.  Quadroxide  of  chlorine 
0,  Chloric  acid     • 
4.  Perchloric  acid 

But  if  we  were  to  take  Count  Von  Stiidion's  analysis  of  quad- 
roxide of  chlorine  as  exact,  it  would  be  a  compound  of  one 
atom  chlorine  with  tliree  atoms  oxygen;  and  in  that  case  all 

*  This  variety  is  called  plomh  tuipkati  Mcmi  prUmihy  Hauy^  and  is  figured 
by  hini  in  his  69th  plate,  figure  73. 

f  A  combination  of  chlorine  and  |)ot&»suim. 
I  Gilbert's  Annalen  der  Physkk.  UL  213. 
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ckap*  I*     the  compounds  would  consist  of  an  atom  of  chlorine  miited 
with  an  odd  number  of  atoms  of  oxygen. 

12.  A  volume  of  chlorine  may  be  considered  as  equivalent 
to  an  atom,  while  a  volume  of  oxygen  gas  is  equivalent  to 
two  atoms.  Hence,  if  a  body  be  a  compound  of  two  volumci 
chlorine  and  one  volume  oxygen,  we  know  that  it  conaiBto  cf 
one  atom  chlorine  and  one  atom  oxygen. 

SECTION  III. OF  BROMINE. 

DiMorery.  This  substaucc  WHS  discovcrcd  by  M.  Balard  of  M ontpelieTf 
who  investigated  its  properties  and  made  it  known  to  the  public 
by  a  memoir,  which  was  read  to  the  Royal  Academy  of  Scdenost 
of  Paris,  on  the  Sd  of  July,  1826.  Tliis  memoir  was  so  com- 
plete and  so  accurate,  that  little  was  left  for  the  future  investi- 
gation of  chemists.  A  few  additional  fiicts  have  been  sinoe 
added  by  Liebig,  Serullas,  and  Berzelius. 

It  was  obtained  by  him  from  the  mother  water  of  the  brine 
springs  in  the  neighbourhood  of  M ontpelier ;  and  there  are 
strong  reasons  for  believing  it  to  be  a  constituent  of  brine 
springs  in  general,  and  to  exist  also  in  sea  water.  Liebig 
found  it  in  some  of  the  salt  springs  in  Germany,*  and  Mr. 
Graham  extracted  it  from  the  spirit  of  saltf  of  the  SaltcoatB 
salt  works,  obtained  by  evaporating  the  sea  ^^ater  in  the  Frith 
of  Clyde. 

In  this  mother  ley  bromine  seems  to  exist  in  the  state  of 
bromide  of  magnesium.  Balard's  process  for  extracting^  it  is  as 
follows. 

FreiMLration.  A  Current  of  chlorine  gas  is  passed  through  the  liquid,  till  il 
acquires  a  brown  colour.  Care  must  be  taken  not  to  add  too 
much  chlorine,  otlierwise  the  product  of  bromine  will  be  dimin- 
ished. The  chlorine  displaces  the  bromine,  sets  it  at  liberty^ 
and  unites  with  the  magnesium  in  its  place.  A  quantity  of 
sulphuric  ether  is  now  poured  on  the  liquid  in  a  phial,  taking 
care  that  the  phial  is  completely  filled  with  liquid.  The  two 
liquids  being  well  mixed  by  agitation,  are  left  for  a  little  in  a 
state  of  rest.  The  ether  soon  swims  on  the  top.  It  has  dis- 
solved the  whole  of  the  bromine,  and  acquired  a  beautifnl 
hyacinth  red  colour.  The  mother  water,  by  this  agitation,  \m 
lost  the  peculiar  smell  of  bromine,  which  distinguished  it  befon^ 

*  Ann.  de  China,  et  de  Phys.  xxxiii.  331. 

t  Spirit  of  tali  ia  the  name  given  in  Scotland  to  a  liquid  that  drops  horn 
Bait  formed  by  evaporating  sea  water  to  dryness.  It  is  chiefly  a  atxoof 
solution  of  sulphate  of  magnesia  and  chloride  of  magnesium. 
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and  acquired  the  smell  of  ether.  The  ether  is  now  agitated  ^«*- "^ 
with  a  strong  solution  of  cauntic  potash.  It  losej^  its  peeuUtir 
colour  and  smell,  and  the  potash,  being  tigit-ated  with  succes- 
sive portions  of  ether  thus  inipreguated  with  bromine,  gradually 
loAcs  itH  alkaline  properties,  and  is  changed  into  a  saline 
matter  which  crystailize^  in  cnhes.*  These  culies  are  reduced 
to  powder,  mixed  with  purified  teroxide  of  manganese,  and  put 
into  a  small  retort,  the  beak  of  wliieh  plunges  into  a  quantity 
of  Walter  with  which  the  receiver  1*4  nearly  filled,  A  quantity 
of  sulphuric  acid»  diluted  with  its  own  weight  of  water,  is 
poured  upon  the  mixture  of  bromide  of  potassium  and  black 
oxide  of  manganese,  and  heat  is  opjiiied.  Red  vapours  rise, 
which  condense  in  drops  on  the  beak  of  the  retort^  and  fall  to 
the  bottom  of  the  receiver.  The  bromine  which  passes  over 
in  the  state  of  vapour  dissolves  in  the  water;  but  the  drops 
remain  at  the  bottom,  and  gradually  collect  into  a  ilark  red 
liquid.  At  the  end  of  the  process  the  water  is  removed,  and 
the  bromine  is  obtained  free  from  water,  by  distilling  it  off 
chloride  of  caleium.f 

1.  Bromine;}:  thus  obtained  is  litpiid  of  a  bro\^Tiish  red  colour,  Ptopetiefri 
BO  intense  that  it  appears  opaque ;  but  when  made  to  trickle 

down  the  sides  of  the  glass,  it  appears  transparent^  and  has  a  J 

hyacinth  red  colour,  ■ 

2.  Its  smell  is  very  disagreeable,  and  has  some  resemblance  ■ 
to  that  of  protoxide  of  chlorine;  but  is  stronger  and  more  suf-  I 
focating.                                                                                                             I 

fJ.   Its  taste  is  shaq?  and  strong,  and  when  taken  internally,  m 

even  in  small  quantities,  it  acts  as  a  violent  poison.     A  single  I 

drop  of  it  put  into  the  bill  of  a  bird  caused  instant  death.  I 

4,  It  acts  with  energy  upon  organic  bodies,  wo<kI,  cork,  &c.,  I 
and  particularly  upon  the  human  epidermis,  which  it  corrodes,  I 
giving  it  a  yellow  tinge.  This  colour  disappears  id'ter  a  few  I 
hours ;  but  if  the  bromine  1h?  allowed  to  remain  in  contact  for  I 
a  certain  time,  the  cohnir  does  not  disappear  till  the  epidermis  I 
be  renewed.                                                                                                   M 

5,  Its  specific  gravity  is  2*96.  ^fl 

6,  It  remains  liquid  at  zero  ;  but  according  to  M.  Serullas,       ^^H 

•  These  cubes  are  bromide  of  potaisium^  I 

f  Biilardj  Ann.  de  Cliim*  et  tie  Phya.  xxxii*  349«  ■ 

^  M,  finlard  called  tt  at  first  murine^  but  lie  was  Induced  to  give  it  the  ■ 

name  of  bromine  (Irom  Z^tdfi^^y  fceiidm)  at  the  suggestion  of  MM.  Vauque-  ■ 

tin,  Theoord,  and  Gay-Lussac.     See  Ann*  de  Chiin*  et  de  Pbys,  xxxii.  382,  I 

and  ibid,  xxxiii.  ti^^  I 


ch*p,  t     when  cooled  down  to  — 4°,  it  becomes  solid  all  at  once,  auid 

becomes  quite  brittk\ 

7.  It  h  exceedingly  vokitile^ — a  single  drop  put  into  any 
vessel,  immediately  fills  it  with  a  vaptmr,  exactly  similar  to  the 
vaponr  g^iven  out  by  fuming  nitric  acid.  It  boils  when  heated 
to  the  temperature  of  1  IG'^^t*  No  experiments  have  been  made 
to  determine  the  specific  gravity  of  its  vapom:;  but  from  the 
low  temperature  at  which  it  l>oiLs,  this  specific  gravity  is 
undoubtedly  high,*  The  vapour  of  bromine  may  be  passed 
dirough  a  red  hot  tube  without  experiencing  any  alteration, 

B.  It  is  a  uon-couducfor  of  electricity,  A  voltaic  battery 
which  was  decomposing  water  very  well,  when  the  wires  from  the 
two  poles  were  plunged  into  the  liquid  ceased  to  act,  when  a 
column  of  bromine,  about  three  lines  thick,  was  interpofted- 
Nur  i*  bromine  decomposed,  or  in  the  least  altered  by  the  action 
of  voltaic  electricity.  But  tlie  experiments  of  M,  de  la  Rive 
have  shown,  that  water  hohling  bromine  in  solution,  is  an  excel- 
lent conductor  of  electricity*! 

9.  When  a  burning  ta)>er  is  plunged  into  the  vapour  of  bro- 
mine it  is  extinguished;  but  it  burns  for  some  instants  1^^th  m 
flame  green  at  the  biLse  and  red  at  the  upper  jjiU't,  as  happens 
when  it  is  pbinged  into  chlorine  gas.  But  when  the  metals 
come  in  contact  with  this  vapour,  a  brilliiuit  condjustion  is  the 
€onset|uenee,  Tbisy  at  least,  is  the  ciLse  with  iron.  Arsenic, 
also,  and  antimony,  burn  brilliantly  when  they  come  in  contact 
with  l>romine4  When  phosphorus  is  dropt  into  bromine,  a 
violent  detonation  takes  place.  Tluis,  it  appeju^,  that  bromine 
supports  combustion  almost  as  well  as  chlorine. 

1 0,  Bromine  destroys  vegetable  colours  almost  a,s  powerfully 
fis  chlorine  itself.  Even  the  solution  of  iudigo  bi  stdphuric 
acid  is  immediately  discoloured  by  it, 

IL  Bromine  tlissolves,  though  only  in  small  quantit^^  b 
water.  The  solution  has  a  yellow  colour.  It  is  more  soluble 
in  alcohol,  and  mucli  more  so  in  sulphuric  ether.  Olive  oil 
acts  on  it  slowly.     It  is  scarcely  soluble  in  sulphuric  acid. 

12.  WTien  bromine  is  dropt  into  a  solution  of  Btarcli,  it  gives 
it  a  fine  orange  colour*  Starch  then  may  be  employed  as  a 
pretty  delicate  reagent  to  delect  the  iiresenee  of  liromine. 

♦  r  hove  shown  (Ftnti  Princifi/et/h  244)  that  die  specific  gnivity  of  iodine 
vajiour  is  ohtained  by  muUiplying  its  atomic  weight  by  0*535.  The  »ame 
slioidd  hold  with  vapour  of  hromide.  If  so,  its  specific  gravity  will  be 
55555. 

t  Ann.  de  Chim,  et  de  Phys*  xxx?.  ICO. 

X  SeruUas,  Ann-  de  Chim.  et  de  Phys,  xKXviii.  318. 


ilX  n»e  atomic  weight  of  bromme  caii  only  be  determmed    «ect  ni. 
by  analyzing  the  compounds  into  which  it  enters.     We  have        ^'^ 
three  series  of  experimentit  made  on  purpose  to  determine  this 
point* 

(1.)   Balard  decomposed  hrornide  of  potassium^  by  means  of  Jj^i'^j'^ 
snlpluLTic  Lieid,  juul  he  concluded  from  his  analysis  that  an  atom 
of  tiTomhic  weighs  lM>26.f 

(2.)  Liehig  deuomiHised  2*521  partn  of  bromide  of  potassiimi 
by  means  of  nitrate  of  silver.  He  obtained  4*041  parts  of  bro- 
mide oF  siher.  From  this  he  concludes,  that  the  atom  of  bro- 
mine weighs  9*41 14 

{3.)  Berzelius  prepared  a  quantity  of  very  pure  bromide  of 
silver,  which  he  tleeon«|>osed  l*y  eldorine  gas  iissisted  by  heat. 
He  found  that  7*202  parts  of  bromide  of  silver,  yielded  5*346 
parts  of  chloride  of  silver ;  and  that  7*8805  part«  of  bromide 
of  silver  yielded  (r069  parts  of  chloride  of  silver.J  The  mean 
of  these  tw^o  experiments  gives  us  9*942  for  the  atomic  M^eigbt  of 
bromine.  We  may,  therefore,  adopt  10  for  the  atomic  weight 
without  any  sensible  error. 

Such  are  tlie  properties  of  bromine  as  fiir  as  they  have  been 
investigated.  But  it  combines  both  with  oxygen  and  with 
chlorine  J  and  forms  compounds  which  we  shall  now  describe, 

L  As  far  as  is  known  at  present,  bromine  and  oxygen  unite  compeHmd 
only  in  one  proportion,  and  form  a  compound  which  possesses       ''*^«*^- 
acul  properties,  and  on  that  account  has  received  the  name  of  ■ 

bromic  acid.  ^ 

When  bromine  is  agitated  %ith  a  sufficiently  concentrated  Bromk  utid. 
solution  of  potasli,  two  different  compounds  are  formed ;  namely, 
hydro-bromate  of  potaslu  which  remains  in  solution;  and  bro- 
mate  of  potash,  which,  being  very  little  soluble  in  water,  pre- 
cipitates in  a  white  crystalline  powder.  This  sjdt  has  many 
properties  similar  to  those  of  cldonite  of  potash  or  of  sjilrpetre. 
Its  properties  will  be  described  hi  a  subsequent  part  of  tlds 
work» 

When  bromine  and  chlorine  are  placed  in  contact,  they  com- 
bine into  a  liquid,  which  has  been  called  chloride  of  bromme. 
It  is  a  liquid,  which  undergoes  decomposition,  if  it  be  agitated 


•  This  aiOt  will  be  described  in  a  subsequent  part  of  ihia  work, 

t  Ann,  de  Chim.  et  de  Phys.  xxxii.  350.  I  do  not  clearly  understand  the 
data  on  which  the  analysis  is  founded. 

t  Ibid.  xxxiiL  332.  Lit'btg  has  not  given  us  sufficient  data  to  enable  us 
to  judge  of  the  accuracy  of  lii^  analyhlii. 

5  PoggensdorPs  Annalco  dtv  Physick-  xvL  566. 
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^^p*  ^     with  a  concentrated  solution  of  barytes.     Two  salts  are  formed; 

^  nameiy,  the  hydroltromato  of  barytes,  which  remains  in  sola- 

tion;  and  tlie  bromatc  of  barytes^  which  being  but  little  soluble, 

falls  to  the  bottom,     The  broinate  of  barytes  may  be  obtained 

^K  imder  the  form  of  aeienlar  crystals,  soluble  in  boiling  M-atcr, 

^H  and  fusing  with  a  green  flame  wlien  placed  upon  burnings  coak. 

^H  If  dilute  sulphuric  acid  be  dropt  into  an  aqueous  solution  of 

^H  bromate  of  barjtes,  in  the  requisite  quantity,  the   barytes  is 

^H  thrown  down,  and  there  remains  a  solution  of  bromic  acid  in 

^H  water. 

^H  By  a  gentle  evaporation  the  greatest  part  of  the  w^ater  majr 

^H  be  driven  off.     There  then  remains   a  syrupy  liquid^   whidl 

^H  cannot  be  deprived  of  tlie  whole  of  its  water.     M%en  tbt 

^B  attempt  is  made,  tlie  acid  undergoes  decomposition,  and  is  coo-' 

^H  verted  into  bromine  and  o:xygen.     This  decomposition   takes 

HH  place  equally,  if  we  leave  it  in  tlie  exhausted  receiver  of  aa 

^  air-pump  standing  over  concentnited  sulpliuric  acid. 

Fso^^mm.         Bromic  acid  reddens  litmus  paper,  and  tlien  discolours  it 
It  has  scarcely  any  smell.     Its  taste  is  very  acid,  but  not  caustlfL 
^H  Nitric  acid  and  snlidiuric  acid  have  no  action  on  it.      The 

^H  latter^  indeed,  when  concentnited,  occasions  an  effervescence; 

^H  oxygen  gas  being  disengaged  and  bromine  set  at  liberty.      But 

^H  this  IS  probably  owing  to  the  high  temperature  produced  by 

^H  the  action  of  tlie  sulphurie  acid  on  the  water  of  tbe  bromic  acid. 

^H  For  it  does  not  take  j>lace  when  tlie  feulphuric  acid  u»ed  hm 

^H  been  diluted  with  water, 

^H  It  is  decomposed  by  the  Lydracids,  and  by  sulphurous  acid, 

whetlier  tliey  be  in  an  isolated  state,  or  comluned  witli  a  bust% 
t  ompo»mcifl.       \\  hen  dropt  into  nitrate  of  silver  it  occasions  a  wliite  pre- 
cipitate, which  seems  to  be  bromate  of  silver.     It  likeii^'ise  pre^- 
eipitates  concentrated  solutions  of  lead ;  but  the  precipitate  is 
^^  redissolved  when  a  little  water  is  added.     It  abo  throws  down 

^B  a  wliite  precipitate,  wlien  addet!  to  the  proto-nitrate  of  mercuiy. 

^H  ^\  hen  bromate  of  jiotash  is  heated,  it  gives  out  oxygen  ga% 

^H  and  is  converted  into  bromide  of  potassium,     M.   Balard,  by 

^H  this  process,  converted  1*128  parts  of  bromate  of  potaiisli  into 

^H  0*79  parts  of  bromide  of  potassium.     '^Tlie  oxygen  gas  given 

^^^^     out,  therefore,  amounted  to  0-388  parts,*     Now  if  the  atom  of 

^^^^B  *  BrotntJe  of  potassium  is  a,  compound  of 

^^^^H  Bromine  10 

^^^^H  Potassium  5 
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bromine  be  10,  it  is  obvious  that  Q'79  of  bromide  of  potassium    s«t  in. 
must  be  composeil  of 

Bromine     •     .     -5266 
PotiLssium        .     -26:3-3 
C4>mequently  bromic  acid  must  be  a  compound  of 
Bromine       ,     .     0-5266  or  10 
Oxygen       .     •     0*2853  or    5.41 
For  0*0526  of  the  oxygen  were  united  to  the  potassium,  mid 
converted  it  into  potash. 

Thus  we  see  that  one  atom  of  bromine  is  united  in  this  acid 
with  ratlier  more  than  5  atoms  of  oxygen.  It  is  probable  from 
analogy,  tliat  5  atoms  of  oxjgen  Ls  tlie  exact  quantity.  The 
slight  excess  may  have  been  owing  to  errors  in  tlie  experiment; 
perhaps  the  salt  might  have  contained  traces  of  water.  For 
nothing  is  said  by  Balard  about  the  mode  M^hich  he  took  to 
dry  it.* 

2.  We  are  acquainted  at  present  with  only  one  compound  j 
of  chlorine  and  liromine.  It  is  a  very  volatile  liquid,  the  proper- 
ties of  which  have  hitherto  been  examined  only  by  M.  lialard. 
To  form  it,  we  liave  only  to  pass  a  current  of  chlorine  over 
bromine,  and  tx)  condense  the  vapours  fomiedj  by  passing  them 
into  a  receiver,  surrounded  with  a  mixture  of  snow'  and  salt. 

Chloride  of  bromine  is  a  liquid  of  a  reddish  yellow  colour; 
mocii  lighter  llian  the  colour  of  bromine.  Its  smell  is  strong 
and  disagreeable,  and  it  occasions  a  sudden  flow  of  tears.  Its 
taste  is  excessively  disjigre cable* 

It  is  very  fluitl  and  very  volatile.     Its  vapour  has  a  colour  ProperUiw. 
Bomewdiat  like  that  of  protoxide  of  eldorine. 

Metcils  plunged  into  it,  or  brought  in  contact  w*ith  it,  become 
incandescent,  and  no  doubt  chlorides  and  bromides  of  these 
bodies  are  formed. 

It  disstdves  in  water.  The  aqueous  solution  acquires  the 
cobnir  antl  odour  of  the  chloride  of  1>romine,  and  like  it  has 
the  property  of  rapidly  discolouring  litmus  paper,  and  of  de- 
stroy ug  vegetal>le  colours  in  general. 

When  potiLsh  or  soda  is  added  to  this  aqueous  solution,  the 
chloride  undergoes  decomposition,  and  alkaline  muriates  and 
bro mates  are  farmed*  These  decompositions  show^  that  chlo- 
rine is  more  powerfully  negative  than  bromine. 

No  experiments  have  been  yet  made  to  determine  the  com- 
positions of  chloride  of  bromine.     Were  we  to  reason  from 


7S 

■J* 


'  Bafard  ;  Add.  de  diiin.  ct  de  Phya.  xjtxii.  365. 
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Chap.  L  analogy,  we  would  conclude  that  it  is  a  compound  of  2  atoms 
chlorine,  and  1  atom  bromine,  which  would  make  its  atcHnic 
weight  19.  It  does  not  seem  to  possess  tlie  characters  of  an 
acid,  and  cannot  be  combined  with  bases,  without  imdeTgoing 
decomposition. 

SECTION  IV. OF  IODINE. 

Hiitory.  This  substaucc  was  discovered  in  the  year  1811   by  M. 

Courtois,  saltpetre  manufacturer  at  Paris.  After  ascertaimng' 
some  of  its  properties  he  gave  a  quantity  of  it  to  M.  Clement, 
who  undertook  to  prosecute  the  investigation.  On  the  6th  of 
December,  1813,  M.  Clement  aimounced  its  existence  to  the 
Institute  of  Paris,  and  at  the  same  time  described  some  of  its 
most  remarkable  properties.  The  investigation  of  it  was  imme- 
diately undertaken  by  M.  Gay-Lussac,  and  prosecuted  with 
his  accustomed  activity  and  sagacity.  Sir  H.  Davy,  who  was 
at  tliat  time  at  Paris,  began  likewise  to  make  experiments  upon 
it,  and  his  results  were  made  known  to  the  Royal  Society  before 
any  of  Gay-Lussac's  papers  were  published,  though  the  French 
chemist  affirms  tliat  he  preceded  the  British  philosopher  in 
demonstrating  the  peculiar  nature  of  this  substance.  To  these 
two  gentlemen,  especially  to  M.  Gay-Lussac,  we  are  indebted 
for  our  knowledge  of  most  of  the  facts  which  Iiave  been  asce> 
tained  respecting  tins  singular  substance. 

Formation.  1-  llic  proccss  followcd  in  Fraucc  for  obtaining  iodine,  is 
the  following.  KeJp^  an  alkaline  substance  obtained  by  burn- 
ing sea  weeils,  is  lixiviated  with  water  till  every  thing  soluble 
is  taken  up.  The  solution  contains  various  salts;  among*  others, 
hydriodates,  which  being  only  small  in  quantity,  and  very  solu- 
ble, remain  in  solution  after  as  much  of  the  other  salts  as  can 
be  obtained  by  crystallization  have  been  separated.  The  liquid, 
thus  freed  as  much  as  possible  from  common  salt,  is  put  into  a 
stone  ware  still,  to  which  a  glass  capital  is  luted,  the  tube  pass- 
ing from  which,  terminates  in  two  equal  tureens,  placed  the 
one  above  the  other.  The  liquid  in  the  still  is  mixed  with  an 
excess  of  sulphuric  acid,  and  heat  is  applied  to  the  still.  Violet 
coloured  vapours  pass  over  into  the  tureens,  which  are  kept 
cool  by  cold  water.  These  vapours  condense  on  the  sides  of 
the  pipe  of  the  capital  and  the  tureens.  They  constitute  iodine. 
Various  other  acid  fumes  come  over  along  with  the  iodine, 
namely,  sulphuretted  hydrogen,  muriatic  acid,  and  probably, 
also,  a  little  chlorine  and  sulphurous  acid.  These  vapours,  no 
doubt,  diminish  the  quantity  of  iodine  o)>tained  somewhat. 
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In  this  country  (the  suggestion  originated  witli  Dr*  Wollas-  s«*-iv, 
ton)  it  is  customary  to  add  a  quantity  of  black  oxide  of  manga* 
nese  to  t)je  concentrated  liquid,  at  tlie  same  time  with  the 
sulphuric  acid.  This  certainly  increases  oonsiderahly  tbe  pro- 
duct of  iodine.  But  the  French  ohject  to  the  addition,  because 
it  has  a  tendency  to  occftsion  the  evolution  of  clilorine,  which, 
combining  with  the  iodine,  would  injure  the  product  very 
materially,  Mr.  Macintosh  of  Cilas^ow,  obviated  this  olyec- 
tion  completely,  by  the  tbllowing  sdteration  of  the  process. 
He  mixed  the  concentrated  liquid  with  sulphuric  acid,  and 
boile*!  it  some  time,  ^rius  drives  off  tlie  M'hole  muriatic  acid 
and  the  .sulphuretted  hydrogen,  and  if  too  much  sulphuric  acid 
l)e  not  employed,  there  is  no  escape  of  violet  coloured  fumes. 
He  tben  added  tlie  black  oxide  of  manganese,  itnd  distilled  m 
before  directed.  The  iodine  vapours  were  disengaged  and 
condensed  in  the  receiver. 

To  purify  the  imtine,  it  sliould  be  washed  with  a  little  water, 
then  dried  between  folds  of  blotting  paper.  To  obtain  it  quite 
pure,  the  best  way  iB  to  distil  it  oft'  a  quantity  of  fused  chloride 
of  calcium. 

2.  Iodine  thus  obtained  is  a  solid  substance  of  a  greyish  Prop«ti«. 
I*lack  colour  and  the  metallic  lustre,  having  very  mucli  the 
appeanmce  uf  native  sulphuret  of  antimony.  It  is  usually  in 
scales  of  a  greater  or  smaller  sixe;  but  it  may  be  obtained  in 
crvstals.  And  Dr.  Wullaston  has  ascertained  that  its  primiti\'e 
form  is  an  octaliedron,  somewhat  similar  to  the  primitive  form 
of  sulphur.  The  axes  of  this  octahedron  are  to  each  other,  as 
nearly  as  ciui  be  determined,  as  the  numheni  2,  3,  and  4.* 
Its  specific  gravity  is  stated  by  (Jay-L(Lssac  to  he  4-948  at  the 
temperature  of  6*2^^ .f  I  have  repeatedly  taken  its  specific 
gravity  in  as  pure  a  state  as  I  could  get  it  in,  by  subliming  it 
from  chloride  of  calcium,  and  lun'e  alwaj^s  found  it  3*0844,  at 
the  temperature  of  60*^.  I  do  not  know  upon  what  this  dif- 
ference depends,  I  have  tried  both  iodine  made  in  tins  country, 
and  in  France ;  but  the  result  w^as  the  same. 

The  smell  of  iodine  is  disagreeable  and  I'ery  similar  to  that 
of  chlorine,  though  not  nearly  so  strong.  Its  taste  is  acrid 
and  hot,  and  continues  for  a  long  time  in  the  mouth.  Orfila 
has  shown  that  when  taken  internally  it  possesses  poisonous 
qualities.  J 

•  Annals  of  Philosophy,  v.  237.  +  Ann.  dc  Chim.  xci.  7. 

f  ToTticologic  generale,  torn,  I,  partie  ii*  p.  290. 
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Chtp.t.         Ill   1B20,  it  was  introduced  into  medicine  by  M.  Coindet, 

a  pliysieian  of  GenevjL,  ns  a  cure  for  the  f/oilre  or  swelling  <rf 
the  ^laiuk  of  tlie  neck,  wliicti  is  so  common  in  some  parts  of 
Switzerland.  It  has  been  ibundj  it  is  said,  ver)^  eifieaciotis 
indeed  in  removing  tliat  disease.  The  g-oitre  being-  a  disease 
almost  unknown  in  Great  Britain,  our  medical  men  have  had 
no  opportuiuty  of  trying  it  in  that  cUsease ;  but  it  has  beeo 
employed  in  thin  country  in  various  glandular  diseasea,  and 
tlie  gen  end  opinion  seems  to  be,  that  it  is  a  medicine  of  con- 
siderable actiWty  and  efficacy.  It  obviously  possesses  consid- 
erable stimulating  properties. 

3.  Like  chlorine  it  possesses  the  property  of  destro^dng 
vegetable  colours;  though  it  acts  with  much  less  intensity. 
It  stains  the  hand  of  a  deep  yellow  colour;  but  the  stiiin  in  a 
short  time  disappears.  I^aper  receives  a  penmiuent  reddiali 
brown  staiiij  and  is  at  last  corroded  by  it. 

4.  It  melts  wlien  heated  to  the  temperature  of  2^4|r**,  and 
is  vo!atili/ed  under  the  common  pressure  of  the  atmoi»phere 
when  raised  to  the  temperature  of  351  jj''.^  But  if  it  be  mixed 
with  water  and  the  liquid  boiled,  it  may  be  distilled  over  with 
the  water*  Wlien  converted  into  vapour  it  has  a  very  intent 
and  very  beautiful  violet  colour.  It  was  from  tins  colour  thai 
Gay-Ltjssac  imposed  on  it  the  name  of  ktde^'t  w^hich  Sii 
Humphry  Davy  changed  iut(j  itirfifie,  m  better  suited  to  ova 
language.  Its  specific  gravity  when  in  the  state  of  vapour  is 
8-6784 

M.  Dumas  has  repeated  the  experiment  of  Gay-LuasaiSf 
and  obtained  H-716  for  the  sji.  gravity. |1  The  specific  gravity 
deduced  from  theoretical  considerations  woidd  be  S'S.§ 

5.  M'hen  iodine  Ls  thrown  into  water  the  liquid  acquires  aa 
orange  yellow  colour  and  the  peculiar  smell  of  iodine*  But 
it  continues  tasteless,  aiui  holds  in  solution  only  about  y^\j^th 

*  Gay-Lussac,  Ann.  de  Chim.  xci.  7.  He  fixes  the  temperature  between 
347°  ant!  3rj(>°. 

f  From  /*i5»3f,  violet  coloured. 

I  Gny-Lussflc,  Ann.  de  Cliim.  xci.  t7. 

I  Ann,  de  Chim.  et  de  Phys.  xxxiii.  346. 

§  It  has  been  shown  long  ngo  by  Dr.  Prout  and  myself,  that  the  specific 
gravity  of  all  gases  and  vnponrK  is  either  equal  to  the  atomic  weight,  or  to 
the  atomic  weight  nuiltiplicd  by  '5555  or  by  0*2777.  If  the  atomic  Weight 
of  iodine  be  16,  then  16  X  0*5555= S'&SS 8,  If  the  atom  weigh  15*75,  then 
15'75  X0*5555=:B'S.  Now,  the  specific  gravity  deduced  from  that  of 
hydnodic  acid  is  8*7882,  which  almost  coincides  with  the  theoretica]  quan- 
tity* 


part  of  its  weigUt  of  iotliiie.     It  w  more  soluble  in  alcoliol,    sectnr. 
and  still  more  in  sulphuric  ether.* 

6,  If  a  quantity  of  iodine  he  put  into  a  thin  glass  tube  shut 
at  ono  omU  and  a  bit  of  |>lujHp horns  he  thrown  on  it,  the  two 
substanees  conilnne  with  g^reat  rapidity,  and  the  evolution  of  a 
great  de^il  of  heat ;  but  no  li^ht  Is  vtsil>le.  Sulphur  and  most 
of  the  metals  likewise  luiite  readily  with  iodine  when  the 
action  of  the  two  suhstanees  upon  eacli  other  is  asnlste*!  by 
heat.  The  new  substances  formed  by  tkls  combination  have 
received  the  name  of  iodides.  71ius  the  beautiful  red  powder 
formed  by  tlie  uiuon  of  imline  and  mercury  is  called  iodide  of 
mercurtf, 

7.  When  any  of  these  compounds  is  decomposed  by  the 
action  of  the  galvanic  battery  the  iodine  attaches  itself  to  tlie 
positive  wire,  and  the  substance  with  whicl*  it  was  united  to 
the  negative  wire  of  the  battery. 

B.  Iwllne  liajs  the  property  of  comhiuing  with  starch,  and  ^^^"^^^ij 
of  forming  witli  it  a  compound  which  has  a  fine  blue  colour. 
'T\\m  curious  fact  was  first  ol3«erved  by  MM.  Colin  and  Gaul- 
tier  de  Clauhry.f  The  easiest  wny  of  forming  this  compoimd 
ij>  to  triturate  starch  with  an  excess  i>f  iodine,  to  dissolve  the 
mixture  in  potash,  and  then  to  add  a  vegetable  acid.  The 
iodide  of  atarch  falls  down  in  the  state  of  a  fine  blue  colour* 
Stromcyer,  Professor  of  Chemistry  at  Gottingen,  has  fouml 
tliat  starch  is  a  most  delicate  test  of  the  presence  of  iodine  in 
liquids.  He  affirnts,  tliat  the  starch  acquires  a  perceptibly 
blue  tinge,  when  the  iodine  doeg  not  exceed  -^^^^j^  of  the 
liquid4 

When  we  wish  to  employ  starch  as  a  test  to  discover  the 
presence  of  iodine  in  any  liipiid,  the  best  way  is  to  add  to  it  a 
little  starch  i>revioni4ly  dissolved  in  water,  and  tJien  to  add  to 
the  solution  a  little  sulphuric  acid.  If  iodine  be  present  the 
blue  colour  soon  developes  itself. 

But  it  not  unfrequently  happens  that  substances  exist  in  the 
liquid,  and  are  disengaged  by  the  sidphuric  acid,  which  are 
aipable  of  converting  the  iodine  into  hydriodic  acid ;  as  for 
example,  sidphurons  acid,  sulphuretted  hydrogen*  In  such 
cases  the  blue  colour  will  either  not  appear,  or  it  will  speedily 
be  destroyed;  so  that  iodine  may  exist  witJiout  being  detected 
by  this  reagent.    M.  Balard  has  proposed  a  very  simple  remedy 

•  Oay-Lussac,  Ann.  de  Chim.  xci.  7- 

t  Ann.  de  Cbim.  xc.  92. 

\   Annals  of  PhiJosophy,  vi,  ^\2. 
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c«»Pi  ^  for  such  cases.  After  having  added  the  sulphuric  acid  to  the 
liquid,  pour  over  it,  taking  care  to  avoid  agitation,  a  little 
water  impregnated  with  chlorine  gas.  This  water  having  a 
less  specific  gravity  will  float  upon  the  surface,  and  in  a  short 
time  there  will  appear  a  deep  blue  zone  at  the  point  of  contact 
between  the  t\*'o  liquids.  This  blue  portion  though  very  thin 
is  quite  visible;  it  may  be  made  tliicker  by  a  very  gentle 
agitation ;  but  if  the  two  liquids  were  mixed  completely  the 
blue  colour  would  disappear  altogether.* 
FUntocon.  9.  lodiuc  has  been  detected  in  various  sea  plants  by  Oaul- 
tier  de  Claubry.  He  found  it  in  fucus  saccharinus,  fucns 
digitatus,  fucus  vesiculosus,  fucus  serratus,  fucus  siliquosiis, 
and  fiicus  filum.t  Davy  found  indications  of  the  presence  of 
iodine  in  the  ashes  of  fucus  cartilagineus,  fiicus  membrana- 
ceus,  fucus  rubens,  fucus  filamentosus,  ulva  pavonia,  and  ulva 
linza.t 

Dr.  Fyfe  informs  us  that  he  found  it  in  the  ashes  of  fucns 
nodosus,  fucus  palmatus,  fucus  digitatas,  the  ulva  umbilicalis, 
and  the  common  sponge.  But  he  could  not  detect  it  in  sea 
water,  nor  in  any  land  vegetable.  || 

Dr.  Carter  found  it  in  the  sulphureous  mineral  waters  of 
Cctstelnovo  (TAsti,  in  Piedmont,  so  celebiated  for  curing  the 
goitre  and  other  glandular  aifections.§  M.  'Angelini  had  pre- 
viously detected  it  in  the  mineral  water  of  Sales,  in  the  same 
country.f  M.  Boussingault  detected  it  in  a  yellowish  liquid 
brought  from  the  pro\'ince  of  Antioquia  in  South  America, 
and  employed  successfully  as  a  cure  for  the  goitre.  ••  M. 
Kriiger  of  Rostock,  found  it  in  the  mother  ley  of  the  Siilxer 
salt  spring  in  Mecklenburg  Schwerin.ff  Dr.  Tucker  found  it 
in  the  mhieral  spring  of  Bonnington  near  Leith  ;Jf  and  Dr. 
Daubeny,  Professor  of  Chemistry  in  Oxford,  found  it  in  various 
salt  springs  in  England. 

Iodine  exists  also  in  the  mineral  kingdom.  Vauquelin 
found  an  iodide  of  silver  in  a  mineral  from  Mexico  which  he 
analyzed.  But  he  has  given  no  description  of  the  mineraly 
nor  did  he  determine  tlie  proportion  of  the  constituents.  ||  || 

•  Ann.  de  Chim.  et  de  Phys.  xxviii.  178. 

t  Ann.  de  Chim.  xciii.  75,  113.  f  Phil.  Trans.  1814-,  p.  505. 

II  Edin.  Phil.  Journal,  i.  254. 
§  Ann.  de  Chim.  et  de  Phys.  xxviii.  221. 
5  Schweigger*8  Jahrbuch,  vi.  319.  **  Ibid.  xxx.  91. 

ft  Ibid.  vii.  444. 

\\  Annals  of  Philosophy,  (2d  Series,)  xii.  390. 
II 11  Ann.  de  Chim.  et  de  Phys*  xxix.  99. 
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10.  The  atomic  weight  of  icxUne  is  investigated  by  deter-  «cwtiv, 
mining  the  proportion  of  it  which  unites  with  the  different  ^^J^^^jyT^ 
bases,  Gay-Liisj^ac  put  a  qimntity  of  iodine  and  |)ieces  of  ^**«**'- 
zinc  with  a  sufficient  portion  of  water  into  a  glass  flask,  which 
was  then  hermetically  ?^ealed;  it  was  then  lieated  till  the  whole 
iodine  had  combined  w^th  the  zinc,  and  had  formed  a  colonr- 
les8  i!iohition  in  the  water.  The  weight  of  zine  and  of  iodine 
put  into  the  flask  being  kno^^Ti,  it  was  only  necessjiry  to  weit»;h 
the  residual  zinc  to  know  the  proportion  of  that  metal  which 
had  united  with  tlie  iodine.  The  result  \itlh,  that  100  parts 
of  iodine  were  jnst  saturated  by  26**2*25  parts  of  zinc,*  Hence, 
4*25  parts  of  zinc  would  liave  combined  with  16-2  of  iodine.f 
Now,  (4**25  being  the  atom  of  zinc^)  it  follows  from  this 
experiment,  that  16**2  denotes  the  atomic  weight  of  i<»diue. 
The  experiment  was  repeated  by  Dr.  Front,  who  ftnind  that 
50  parts  of  iodine  combine  with  l!2'9  of  zinc.f  lint  1*2*0 
are  to  50  as  4*25  to  16*473,  this  makes  tlie  weight  of  the  atom 
a  little  higher  than  it  was  found  by  Gay-Lussae. 

I  found  that  20*5  grains  of  iodide  of  potassium^  or  19*75 
grains  of  iodide  of  zinc,  are  completely  decomposed  hy  20-75 
grains  of  nitnite  of  lead.  From  this  1  concluded  that  tlie  atom 
of  iodine  weighs  15*54 

More  lately  Ber/elius  has  made  a  set  of  experiments  to 
determine  the  atomic  weight  of  itnline,  which  be  conducted  with 
his  usual  attentioTi  to  precision.  He  fimnd  that  5  grammes 
of  iodide  of  silver,  which  lie  liad  purified  with  t!ie  utmost 
care,  when  heated  and  decomposed  by  a  current  of  cldorine 
gas,  fonne<l  3*062  grammes  of  chloride  of  silver.  By  another 
experiment  he  found  that  12-212  grammes  of  iodide  of  silver 
gave  7*4755  grammes  of  chloride  of  silver- 1|  Now,  if  we 
reckon  the  atom  of  silver  to  weigh  13*75,  these  experiments 
give  16*058  for  the  atomic  weight  of  iodine. 

My  experiments  were  made  with  so  much  care  that  I  have 
no  doubts  of  their  accuracy.  But  as  1  was  not  at  the  same 
pains  with  Berzelius  in  purif^-ing  my  iodine,  having  merely 
sublimed  it,  there  is  a  probabilitj^  that  it  might  not  be  quite  , 

free  from  all  admixture  of  chlorine  or  liromiue.  On  that 
account,  1  think  that  the  mean  bctu-een  my  result  and  Ber- 
zelius  must  come  exceedingly  near  the  truth.     We  may  then 

*  Ann,  tie  Chim.  xci.  24. 

f  Annals  of  Philosophy,  yU  323.  1 

I  First  Principles,  l  89. 

II  Poggendoff*s  AnnskJen  cler  Pliysik.  xiv.  500. 
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Chap.  I.  consider  the  atom  of  iodine  as  weighing  15'75.  I  adopt  this 
number  more  readily,  because  it  agrees  very  nearly  with  the 
number  deduced  from  the  specific  gravity  of  the  vapour  of 
iodine.  The  atomic  weight  deduced  from  8'678^  the  specific 
gravity,  according  to  Gay-Lussac,  is  15'621.  Dumas  makes 
the  specific  gravity  of  the  vapour  8-7 16,  which  gives  us  fir 
the  atomic  weight  of  iodine  15'69.  The  atomic  weight  de- 
duced from  the  specific  gravity  of  hydriodic  acid,  as  determined 
by  Gay-Lussac,  is  15*8.  This  last  number  is  likely  to  be 
most  accurate,  because  it  was  much  easier  to  determine  the 
specific  gra^'ity  of  hydriodic  acid,  which  is  a  gas,  than  of  the 
vapour  of  iodine.  Now,  15*8  very  nearly  agrees  with  15-75^ 
whicli  I  therefore  shall  consider  as  the  true  atomic  weight  of 
that  body. 

Iodine  has  the  property  of  combining  with  oxygen,  chlorine, 
and  bromine.  It  will  be  proper  to  describe  the  nature  of  these 
compounds. 

Iodic  add.  1.  The  compouud  of  iodine  and  oxygen  was  discovered  int 
separate  state  by  Sir  H.  Davy,  and  constitutes  one  of  the  many 
striking  analogies  that  exist  bet^^'een  chlorine  and  iodine.  It 
may  be  obtained  by  the  following  process.  Put  40  grains  rf 
iodine  into  a  thin  long-necked  receiver.  Into  a  bent  gha 
tube  shut  at  one  end  put  100  grains  of  chlorate  of  potash,  and 
pour  over  it  400  grains  of  miu-iatic  acid,  of  the  specific  gravity 
1'105.  Then  make  the  bent  tube  communicate  with  Ae 
receiver,  and  apply  a  gentle  heat  to  it.  Protoxide  of  chlorme* 
is  generated.  As  soon  as  it  comes  in  contact  with  the  iodine 
a  combination  takes  place,  and  two  new  substances  are  formed: 
1.  A  compound  of  iodine  and  chlorine;  2;  A  compound  of 
iodine  and  oxygen.  When  heat  is  applied  to  this  mixture  the 
compound  of  chlorine  and  iodine,  which  is  volatile,  flies  of 
and  leaves  the  compound  of  iodine  an<J  oxygen  in  a  state  of 
purity.f  This  substance  possesses  acid  properties,  and  Gay- 
Lussac  has  proposed  for  it  the  name  of  iodic  acid,  which  we 
shall  adopt. 

itsproperticf.  lodic  acid,  when  pure,  is  a  white  semi-transparent  solid.  It 
is  destitute  of  smell,  but  has  a  strong  astringent  sour  taste.  Its 
specific  gravity  is  considerable,  for  it  sinks  rapidly  in  sulphuric 
acid.     ^Tien  heated  a  little  below  the  temperature  at  whick 

*  This  gas  ought  to  be  made  to  pass  through  dry  chloride  of  caldoi 
(muriate  of  lime)  before  it  comes  in  contact  with  the  iodine,  in  order  to 
deprive  it  of  the  water  with  which  it  is  mixed  when  first  generated. 

t  Davy,  Phil.  Trans.  1815,  p.  204. 


iodine:* 

olive  oil  boiLs^  it  melts  and  is  decomposeil,  being  converted 
into  loiline  ainl  oxygen  gas*  According  to  the  mean  of  tliree 
experiment*^  made  by  Sir  Humphry  Davy,  a  gr.iiii  of  iodic  acid 
when  decomposeil  give^  out  176*1  grain  measures  of  oxygen 
ga&^  Now  at  the  temperature  of  60**,  176'1  grains  of  water 
are  equal  in  !>ulk  to  0'6968  cubic  inch.  But  0-6968  of  a 
cubic  incli  of  oxygen  gas  weighs  0-*241 1  grain.  Therefore 
iodic  acid  must  be  a  compound  of 

Iodine,  ,  .  0*7589  or  irr75 

Oxygen,      .         .         0-241 1  or  5003 
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Now  5  represents  5  atoms  of  oxygen.  It  is  obvious  from  this 
that  iodic  acid  is  a  compound  of  1  atom  iodine  and  5  atoms 
oxygen.  This  was  confirmed  by  Cray-Lussac,  who  aiudyzed 
the  ifxlate  of  potash,  and  showed  that  iodic  acid  contains 
exactly  1  atom  of  iodine  and  3  atoms  of  \ratOT,f 

Thus  iodic  acid  agrees  exactly  in  point  of  composition  T\ith 
chloric  aeirl 

Iodic  acid  is  very  sobible  in  water.  When  exposed  to  a 
moist  atmosphere  it  gnidually  deliquesces.  Its  solution  first 
reddens,^  and  then  destroys  vegetable  blues,  It  reduces  other 
vegetable  colours  to  a  dull  yellow.  Wlien  this  liquid  is  healed, 
the  water  gnidually  evaporates,  and  the  acid  acquires  the  con- 
sistence of  a  syrup.  It  then  becomes  pasty,  and  may  be  driven 
over  imaltered,  unless  the  beat  applied  be  too  great.  In  that 
case  it  acquires  a  purplish  tint  from  a  partial  decomposition 
wMch  sets  a  portion  of  the  iodine  free. 

Wlien  mixed  with  charcoal,  sugar,  or  other  inflammal>le 
bixbes,  and  heated,  detonations  take  place.  Its  solution  rapidly 
ccrrodea  metallic  Ijodies. 

SeTOentini  of  Naples  is  of  opinion  that  he  has  formed 
another  conniound  of  iodine  and  oxygen,  containing  less  oxy- 
gen^ and  called  by  him  iodoffs  rrnVf,  by  the  following  process. 
Equal  jmrts  of  chlorate  of  potash  aiul  iodine  are  to  be  triturated 
togetJier  till  they  form  a  yellow  powder,  in  which  no  trace  of 
the  imline  can  be  detected.  Tins  is  put  into  a  retort  and  dis- 
tilled  by  means  of  a  spirit  lamp.  When  the  chlorate  begins 
to  piu't  with  its  oxygen,  dense  yellow  fumes  arise,  which  con- 
dense in  tlie  receiver  into  a  yellow  fluid.  Thig  is  the  iodous 
acid. 


•  PhiL  Trans.  1815,  p.  206. 


t  Ann.  de  Chim.  xci.  48. 
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Its  taste  is  acid  and  astringent,  and  it  leaves  a  burning  ta^te 
on  the  toiigiie.  It  haiii  a  peculiar  and  digagreeable  odour, 
somewhat  resembling  tliat  of  protoxide  of  chlorine.  It  is 
heavier  than  water;  reddens  vegetable  hlne.s  but  does  nol 
destroy  them.  It  is  very  soluble  both  in  cold  and  hot  water,  and 
the  solutions  are  yellow.  It  volatilizes  rapidly  at  212**;  it  is 
decomposed  by  sulphur,  but  not  altered  by  charcoal ;  it  is  abo 
decomposed  by  sulphurous  acid;  it  sets  fire  to  phosphorus 
and  potassium.  Nothing  is  known  respecting  tlie  composirion 
of  this  acid.* 

M,  Mitcherlich  has  announced  another  compound  of  iodine 
and  oxygen,  wluch  he  considers  as  containing  less  axygen 
than  either  of  the  precetling,  and  analogous  in  its  compositicai 
to  hyposulphurous  acid.  But  he  has  given  no  details  sufficient 
to  enable  us  to  judge  of  the  proportions  of  the  con8tituenl& 
This  acid  can  only  exist  when  combined  with  a  base.-f* 

2.  The  compound  of  iodine  and  chlorine  was  likewise  fiift 
discovered  by  Sir  H.  Davy;  Imt  it  was  likewise  examined 
by  Gay^Lussac,  before  he  was  aware  that  it  had  been  tlie 
object  of  the  investigation  of  the  British  chemist.  Davy  h» 
given  the  compound  the  nanxe  of  ehhrlodic  acid^  which  wr 
shidl  adopt. 

It  is  easily  obtained.  When  a  current  of  chlorine  gas  ii 
passed  into  a  vessel  containing  iodine,  the  combination  instantly 
takes  place.  CMoriodic  acid,  when  the  iodine  is  saturated 
with  chlorine*  has  a  yellow  colour,  and  becomes  orange  OA 
fusion ;  but  if  there  be  an  excess  of  iodine  the  colour  is  re<l4 
To  saturate  the  iodine  in  this  way  is  attended  w^ith  some  diffi- 
culty;  but  it  is  easily  accomplished  by  dissolving  the  red  sub* 
stance  in  water,  and  passing  through  it  a  current  of  chlorine  g» 
till  it  be  saturated.  The  sohition  of  chloriodic  aeid  obtaindl 
in  this  way  Ls  colourless,  provided  there  be  no  excess  of  chlorine; 
but  if  there  be,  it  has  a  yellow  colour.  || 

It  is  not  easy  to  determine  the  composition  of  this 
pound;  because  saturation  is  difficult,  and  it  seems  even 
affect  an  overdose  of  iodine.     Davy  made  two  trials  to  del 
mine  the  quantity  of  chlorine  absorbed,  by  a  given  weight! 
iodine.     Tlie  results  were  as  follows  ;  § 


*  Antiftls  of  Philosophy,  {2d  Series)  viij,  386. 

f  Ann.  tie  Chim,  et  de  Phys.  xjLxvii.  84.  

X  Davy,  Phil.  Trans.  1814,  p.  199.     Gay-Lussac,  Ann,  dc  Chim.  xd.  \ 
tJay-Lu9sac,  Ann.  de  Chim,  xci.  -50.         §  Phil.  Trans.  1814^  j 
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(1,)  20  grains  of  iodine  absorbed   1 5- 1*25  cubic  inches  of    5«^  ^v. 
chlorine  gas  ^  1 0- 1 95  grains.   Now,  20 :  1 0- 1 95  ::  1 5-75 :  80-29,        ^~' 
which  is  the  weight  of  chlorine,  which,  according  to  tliia  expe- 
riment united  with  m\  atom  of  iodine. 

(2,)  *20  gmins  of  imliiie  absorbed  9*6  cubic  inches  of  chlo- 
rine -r  7-474  grains.  Now,  20  :  7*474  :  :  15-75  :  5-887  :^ 
weight  of  chlorine  united  to  an  atom  of  iodine,  according  t<i 
thh*  second  experiment. 

Now,  8*029,  the  weight  of  chlorbie,  which  united  witli  an 
atom  of  iodine,  by  the  first  experiment  b  only  0-971,  or  little 
more  than  }th  of  an  atom  less  than  2  atoms  of  chlorine.  The 
number  5*887,  indicated  by  the  second  experiment^  is  rdujut 
j^tli  of  an  atom  less  than  an  atom  and  a  half  of  chlorine.  Shall 
we  eonclnde  from  this  that  two  <lifferent  compounds  were 
formed :  the  first  a  compountl  of  two  atoms  of  chlorine  and  I 
of  iodine,  and  the  second  of  \\  atoms  of  chlorine  and  1  atom 
<jf  iodine?  Ox  shall  we  consider  the  second  experiment  as 
indicating  an  imperfect  combination  ? 

Chloriodic  acid  U  very  volatile.  Wlien  exposed  to  the  air 
It  deliquesces.  Its  solution  in  w^ter,  possesses  acid  properties* 
It  graduidly  destroys  vegetable  bines.  Even  the  solution  of 
indigo  m  sul|dmric  acid  is  deprived  of  its  coloiu-  by  it.  But  it 
appears  from  the  experiments  of  Gay-Lussac,  that  it  is  decom- 
posed and  converted  into  iodic  acid  and  muriatic  acid,  (no 
doubt  by  the  decomposition  of  water,)  whenever  we  attempt  to 
combine  it  with  a  base.  Tliis  has  induced  him  to  doubt 
whether  it  possesses  acid  properties,  and  to  suspect  that  it  is 
decomposed  whenever  it  is  dissolved  in  water.  On  that 
account  he  hits  given  it  the  name  of  chloride  of  iodine.  But 
Davy^s  experiments  seem  to  me  to  prove,  that  it  dissolves  in 
water  without  decomposition,  and  consequently  that  it  Ls  an 
acid. 

8,  We  are  mdebted  to  M.  Balard  for  every  thins:  at  present  Bromsdeof 
known  resjiecting  tlie  combinations  of  brombie  and  iodine. 
They  seem  to  be  capable  of  combining  in  two  proportions. 
Wlien  the  two  bodies  are  placed  in  contact,  in  certain  pro- 
portions we  obtain  a  solid  compound,  which,  when  heated, 
gives  out  reddish  brown  vapours,  condensing  into  small  crys* 
tals  of  the  same  colour,  and  resembling  fern  leaves  in  appear- 
ance. A  new  addition  of  bromine  transfonns  these  crystals 
into  a  liquid  resembling  hydriodic  acid,  containing  a  great 
excess  of  iodine. 

This  liquid  bromide  is  soluble  in  water,  to  which  it  commu- 
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iiicates  the  property  of  destroying^  tlie  colour  of  litieiis  paper» 
without  reddening  it.  Aikalies  poured  into  the  solution,  pro- 
duce hydrobromates  and  iodates,  as  might  have  been  expected 
from  analogy.* 

SECTION  %',— OF  FLUORINE, 

The  mineral  called ^owr  spai\  and  iii  tliis  country  frequendjr 
disringuishod  by  the  name  of  Derbyshire  spar,  is  so  commoii 
in  lead  mines,  and  is  so  beautiful  in  consequence  of  its  tran^ 
parency,  its  fine  colours,  and  tlie  large  size  of  its  cubic  erystaii^ 
that  it  must  have  early  attracted  the  attention  of  maiikiiid. 
There  can  be  little  doubt  that  it  is  mentioned  both  by  Theo- 
phnistus  Euid  Plury  under  the  name  of  false  emeraid  (4^t«AiE 
efjo^ptyho^.)  In  the  time  of  Agricola  it  was  employed  as  a  flux 
for  ores,  and  is  mentioned  by  him  under  tlie  name  of  fluor.f 
lu  property  of  corroding  glass,  when  mixetl  witli  sidpburie 
acid,  was  known  at  Nuremberg  as  early  as  1670,  The  fifst 
attempt  to  ascertain  tlie  composition  of  this  mineral  'was  made 
by  Margnif,  His  experiments  were  published  in  the  Memobl 
of  the  Berlin  Academy  for  1768;  but  he  informs  us  tliat  ihet 
had  been  made  in  17(j4,  He  reduced  the  mineral  to  powder^ 
mixed  it  with  its  own  weiglit  of  sulphuric  acid,  and  distilled  it 
in  a  retort.  He  obtained  a  white  saline  sublimate,  and  remarked 
with  surprise^  that  the  retort  was  corroded  into  holes  in  seveni 
places4  In  the  year  1771,  Scheele  published  a  set  of  experi- 
ments on  fluor  sparj  in  the  Memoirs  of  the  Academy  of  Sciences 
of  Stocldiolm,  He  showed  that  the  mineral  was  a  compound 
of  lime,  and  of  a  peculiar  acid,  to  \^'hich  lie  gave  the  name  flf 
fluoric  acifL  He  determined  the  properties  of  this  acid,  ani 
showed  it  to  differ  from  every  other  previously  knoiivn^jl  Di, 
Priestley  found  that  the  acid,  when  obtained  by  Sclieele's  pro- 
cess, is  a  gas  possessed  of  peculiar  propi-rlies  which  lie  investi- 
gated and  described*^ 

It  wa^  shown  by  Wiegleb**  and  Bncholz,ff  mid  still  mort 
completely  l>y  Meyer4t  that  tlie  duoric  acid  of  8clieele  con- 
tained silica  lis  a  constituent,  and  Dr.  John  Davy  a^certabied 
the  proportion  of  fluoric  acid  and  of  silica,  that  exist  in  tbi 

*  Ann.  de  Chim.  xxxii.  372, 

f  Gcorg.  Agricolas  Bermaniius,  p.  4ij8;  Basil  edition  of  1558. 

t  CoHectioii  AcaJemiqiic,  xvi,  ^BL 

]|   Mcmoircs  tie  Ch)niic  dc  M*  C\  W.  Scheele,  i.  I, 

1   Priestley  on  Air,  ii.  339* 

•♦  N.  Kiiti  in  d.  Cliemie.  Th.  I  p,  1— la  ff  Mil.  Th,  iii.  p.  50, 

\\  8thrift€n  dcr  BcrliiiLr  Gt\so  Use  haft,  natiirf,  Freundc,  Ih  ii. 
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acid  of  Scheele,*  iind  demo nstra ted  that  it  is  a  peculiar  com-  *«*•  ^'* 
pound  of  fluoric  acid  and  silica,  in  which  the  constituents  always 
oxkt  in  the  same  proportions.  Gay-Lu.ssac  and  Thenard,  in 
their  Uecherclies  Pliysieo-chimit|ites,|  published  in  1811, 
pointed  out  a  method  of  preparing  pure  fluoric  acid,  antl  were 
the  first  to  determine  its  properties.  It  may  be  procured  in 
tlie  following-  manner. 

A  retort  of  pure  lead  mui^t  he  pracured,  composed  of  ttt'^o  pieces  Jj^JJJSjJ' 
which  silip  iirto  each  other.      To  tliis  retort  must  be  adapted  a 
leaden  receiver.     Thii*  apparatus  is  represented  in  tlie  figure  in 
tlie  margin.    Take  any  quantity  of 
pure  white  fluor  spar,  reduce  it  to  ^ 
a  fine  powder,  and  put  it  into  the  j 
retort,  then  mi-\  it  well  with  twice 

iu  weight  of  concentrated  sulphuric  acid.  Lute  tlie  joining  of 
the  retort  and  the  beak  where  it  enters  tlie  receiver,  witli  clay, 
then  apply  a  mo^lerate  heat  to  the  retort,  taking  care  that  it  Ls 
not  HO  great  m  to  fuse  the  lead.  Tl»e  receiver  is  to  be  surrounded 
with  a  mL\tiu*e  of  common  salt  and  »now.  The  ttin^ric  acid  ls 
disengaged,  and  collected  in  the  receiver  in  a  liquid  state4 
This  acid  posse^es  the  foil  own  ng  properties. 

At  32**  it  is  a  colourless  liquid  like  water.     It  does  not  con-  Pro^ertUa, 
geal  though  cooled  tlown  to  —  4%  and  it  contiuues  liquid  at 
tlie  temperature  of  60**.     Its  boiEng  point  has  not  been  deter- 
mined, but  it  LS  low.      When  exposed  to  the  air  it  smokes 
^nolently,  giving  out  a  smell  similar  to  that  of  muriatic  acid,  | 

but  much  stronger.  It  is  very  speedily  dissipated  in  open  vessels, 
and  cini  only  be  preserved  in  metallic  vessels.  The  best  adapted 
for  the  purpose  are  those  which  are  composed  of  piu-e  silver, 
and  they  must  have  a  silver  stopper,  wliich  shouhl  be  air  tight. 

W'heji  this  acid  is  as  concentrated  as  possiljle,  it  w^ould 
appear  from  the  experiments  of  Da\y,  that  it  contains  no 
^Titer.  Its  specific  gravity  is  then  1-0609,  When  united  to 
a  certain  portion  of  water,  its  specific  gravity  becomes  1**25.§ 
When  a  ilrop  of  it  is  let  fall  into  water,  a  hissing  noise  takes 
place  similar  to  what  is  heard  when  a  red  hot  iron  is  plunged 
into  that  liquid.  When  a  few  drops  of  water  are  let  full  into 
fluoric  acid  it  enters  irito  ebullition.  A  great  deal  of  water 
may  be  added  without  destroying  its  fuming  property.  Care 
raiLst  be  taken  not  to  breathe  the  fiunes  of  this  acid,  as  they 


•  PliiL  Traiia.1812,  p.  3.12. 

J  Rcchcrches  PhysiccKhinuques,  ii.  2- 

5  Davy,  Phil,  Trans.  1813,  p.  266. 
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ch*p.  I,  are  very  deleterious.  WIjcu  a  drop  of  it  falb  upon  the  skin, 
~~  it  acts  aa  a  powerful  corrosive,  and  occasions  a  sore  is^liich  doe§ 
^^       Dot  soon  Ileal. 

^B  Wlien  this  acid  comes  in  contact  with  glass,  it  imniediately 

^^  corrodes  it,  and  is  converted  into  a  j^ascous  body,  knou^  hy 
I  tlie  name  of  fluosilicic  acid.*     Thk  acid  combines  readily  witL 

I  tlie  diflereiit  bases,  and  forms  a  genus  of  salts  called  JiuosUi- 

V  cates,     Berzelius  hii'^t,  in  18"28-4,  publLshed  an  important  s^riet 

[  of  experiments,  cliiefly  ujjoo  the  combinations  of  Huoric  aciil, 

I  the  new  acids  which  it  thus  forms,  and  the  salte  which  their 

numerous  acids  are  capable  of  constituting.f 

The  first  set  of  accurate  cx|>eriments  to  determine  the  atomic 
weiglit  of  tliis  acid,  was  by  Sir  H.  Davy.  He  found  that  10$ 
gr.  of  pure  fliior  s/mr,  when  decomposed  by  sulphuric  add 
formed  17ii**2  grains  of  sulphate  of  lime.  Now  the  lime  b 
175''2  gr.  of  this  sulpliate,  iunounts  to  72-141  grains.  I^ 
therefore,  fluor  spar  be  a  compound  of  fluoric  acid  and  lime,  it 
is  obvious  that  its  constituents  must  be 

Fluoric  acid  ^l-Sm  or  1*051 
Lime  72-141  or  .3*5 

This  would  make  the  atom  of  fluoric  acid  1'351.  Berzelios^ 
in  his  first  experiments,  obtained  a  residt  different  from  iJiat 
of  Davy,  but  be  lias  since  corrected  some  errors  into  which  ht 
had  fallen,  imd  his  analysis  of  fluor  spar,  agrees  almost  ejcadtj 
with  that  of  Davy.J 

1  found  that  5-25  grains  of  fluate  of  soda,  dried  in  a  red-heat^ 
just  saturate  all  the  lime  in  6-25  grains  of  pure  carbonate  of 
lime,  dissolved  in  muriatic  acid,  and  rendered  neutral  by  evap<>' 
ration  to  dryness  and  solution  in  water.  Now  6-25  grains  of 
carbonate  of  lime  are  equivalent  to  3-3  grains  of  lime.  And 
the  muriatic  acid  which  saturates  3-5  lime,  will  just  saturate 
4  of  soda.  Hence  the  5*25  of  fluate  of  soda  must  have  con^ 
tained  4  soda.  The  weight  of  the  fluoric  acid  then  must  have 
been  1'25,  And  1-25  fluoric  acid  must  just  saturate  3'5  Umet 
Hence  the  atomic  weight  of  fluoric  acid  must  be  1'25,§ 

It  had  been  the  general  o|>itnon  of  chemists  that  fluoric 
acid  is  a  compound  of  an  unknown  biLsis  and  oxygen,  and  Um 
opinion  was  adopted  and  maintained  by  Gay-Lussac  and 
Theiiard,   hi  their   Recherches  Physico-chimiques.       But  in 

-  •  This  acid  wili  be  described  in  a  subsequent  part  of  this  work, 
f  Kongl  Vctcnsk,  Acad,  llandl.  1823,  p.  284  ;   182^,  pp.  46,  278. 
t  Annals  of  Philosophy,  (^^d  series)  Triii*  338. 
§  First  Principles,  iL  168. 
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tLe  year  1810,  M,  Ampere,  who  had  adopted  the  views  of  Sir  sect.  v. 
Hiimpliry  0^%^,  respeetuig  chhrrne  ami  the  composition  of  ^ 
murmtic  acidj*  was  led  to  comptire  together  tlie  fluorie  and 
muriatic  acids,  and  to  draw  similar  conclusions  %rith  respect  to 
the  composition  of  both.  Now  the  base  of  muriatic  acid  is 
ht/dro^en,  and  the  hydrogen  in  it  is  combined  with  chioritu\  a 
supporter  of  comlnLStion.  Therefore,  supposing  the  coioposi-  f^uppMcd  a 
tioii  of  both  simibr,  fluoric  acid  iniiMt  likewise  be  a  compound  itydru«ca 
of  hyiirogeifiy  and  an  unknown  supporter  of  comljustion.  This 
view  of  the  subject  he  communicated  to  Sir  H.  Davy  in  1810, 
who  at  first  wm  rather  iuimic*jd  to  the  opinion;  but  upon  con- 
sidering tlie  subject,  he  \%us  gradually  led  to  change  his  notions,t 
and  at  la^^t  became  a  strenuous  supporter  of  tlie  hypotliesiH. 
He  ]>ublished  two  papers  in  succession  on  the  subject  contain- 
ing each  many  highly  interesting  experiments,  and  ingenious 
views  and  deductions  4  but  he  wa^  unable  to  obtain  the  sup- 
posed supporteT  of  combustion,  in  fluoric  acid,  ill  a  separate 
stiite.  I  think,  however,  that  the  reai^oiis  adduced  for  its  exist- 
ence are  sufficiently  plausible,  and  on  that  account  have  been 
induced  to  give  it  a  place  among  the  supporters  of  combust  ion. 
Davy  lias  given  it  the  luune  of  fluorine^  which  we  shaU  ado[U.§  anUflaorine. 
I  sball  now  state  the  evidence  for  die  existence  of  fluorine  that 
has  been  brought  forward  by  the  experiments  of  Da\y.  I  shall 
be  under  the  necessity  of  making  use  of  many  substiuices  which 
have  not  yet  been  described.  Begiimers,  therefore,  will  find 
it  convenient  to  peruse  the  two  following  chapters  before  they 
read  the  remainder  of  this  section. 

K  When  fluoric  acid  juid  potassium  are  brought  into  con-  Proo&ofiti 
tact,  a  violent  action  takes  place;  a  solid  white  substance  is 
formed,  and  a  quantity  of  hydrogen  gas  Is  <liscliarged.     If 
the  fluoric  acid  be  free  from  water,  it  is  obvious  that  this  result 


I 


^  Namely,  that  it  is  a  compound  of  equui  volumes  of  chlorine  and  hydro* 
gen  gtiscs. 

t  Ann.  de  Chun,  et  Phys,  ii,  21. 

\  Phil.  Trans.  1813,  p.  263;  and  16  U.  p.  62. 

§  Ampere  has  given  it  the  nomeof  Phthorine,  (Phthore)  from  the  Greek 
word  fi§ei«Cf  dcdructive.  Ann.  dc  Chiiii.  el  Phys,  iL  21.  But  it  is  quite 
evident  that  this  new  nanie  cannot  he  adopted.  There  would  be  no  end  to 
names  if  every  person  at  pleasure  could  coin  new  ones.  The  reason  assigned 
by  him  for  contriving  this  new  name^  namely,  that  he  was  the  original  starter 
of  the  hypothesis,  is  not  valid,  Mr.  Oregor  was  the  dticoverer  of  tiianmm ; 
yet  the  name  imposed  by  Klaproth  lias  kept  its  place,  and  even  borne  down 
the  najtie  Mcnachanc,  previously  applied  by  Kirwan,  Davy  infonns  us  that 
Ampere  himself  originaliy  suggested  the  ttrm^uorine. 
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chiip.1.  15  best  explained  by  supposing-  the  fluorine  aiid  the  potas^iuoi 
to  combine  iind  form  tlie  solid  substaiicej  wliile  the  hyclrogeo, 
previously  miited  to  the  fluorine  in  die  acid,  makes  its  escape 

■  in  the  form  of  gas.  But  it  requires  to  be  a^ertained  whetb^ 
H  fluoric  acid  of  the  specific  gravity  1-0609  contaijis  any  water. 

■  For  this  puq>ose  Davy  put  a  quantity  of  it  into  a  platiiiuin  Hay, 
B  and  placed  it  in  contact  Mith  ammoniaeal  gas  till  it  was  satiH 
W  rated  with  that  alkali.  By  this  nieann  a  wliite  salt  was  formecd 
I  known  by  the  name  of  fluate  of  ammonia.  When  aiiy  add 
H  tliat  eouUiius  water  is  combined  in  this  manner  with  funmoniacat 
I  gas,  if  we  heat  the  Si^ilt  formed,  water  is  always  disengaged 
B  Thus  suiidiuric  aeid,  or  nitric  acid,  or  phos|>horic  acid,  when 

■  saturated  with  ammoniacal  gus  atjd  heated,  give   out  ahvaji 

■  abundance  of  water.  But  fluate  of  ammonia  when  thus  treated 
H  gave  out  no  filter**  Ilenee  we  have  no  eridence  that  fluorie 
H  acid  contains  any  water. 

B  2.   Muriatic  acid  is  a  compomid  of  chlorine  and   hydrogen 

H  gas,  the  combination  of  it  with  fimmonia  iii  called  inuriate  |f 

H  ammonia,     Wlien  |}otassium  is  heated  with  nmriate  of  anii]M>> 

H  nia,  chltjride  of  potassium  is  formed,  ami  a  quantity  of  gatf 

H  disengaged.     Tlds  gas  is  a  mi^sture  of  ammonia  and  hydrogie% 

■  and  consists  of  two  volumes  of  ammonia,  and  one  volume  of 
H  hydrogen  gas.  Now  when  fluate  of  ammonia  Ls  treated  witk 
H  potassium,  a  similar  efl'ect  is  produced,  A  white  saline  shIh 
H  stance  is  formed,  and  gas  is  evoh'ed,  consisting  of  anmionii 
H  anqj  hydrogen,  in  the  jiroportion  of  two  volumes  of  the  foriBer 
I  to  one  volume  of  tlie  hitter.f  Now  since  the  effects  in  these 
V  two  cases  are  similar,  the  fair  inference  seems  to  be   that  the 

■  products  su-e  similar.  Tlie  dry  substance  is  probably  a  fluoriib 
H  of  potassium,  while  the  hydrogen  was  previously  united  witk 

■  the  fluorine,  and  coiJSlitute<l  with  it  fluoric  acid, 

I  «*3-  When  fluoric  acid  Ls  exposed  to  the  action  of  gah*anisiiit 

■  hydrogen  gas  is  given  out  at  the  negative  wire,  and  the  pori- 
H  tivc  \dro  (supposing  it  i>latinum)  is  coated  with  a  ehoculail 
H  powder4  Wlien  muriatic  acid  is  treated  in  die  8ame  way  it 
H  ia  decomposed,  its  hydrogen  Ijeing  given  oft"  at  the   negattre 

■  \*Tre,  while  its  chlorine  miites  wirli  the  positive  w^ire.      Is  it 

■  not  probable  then  that  the  chocolate  powder  is  a  compound  of 
H  fluorine  and  platinum  ? 

■  4.  If  fluate  of  silver  or  fluate  of  mercury  be  exposed  to  tie 
H  action  of  chlorine,  and  heated  in  glass  vessels,  chloride  of  silver 


•  Davy,  P!iii  Tram,  1613,  p.  Wb,      f  Ibid.  p.  269.      \  Ibid,  p.  27  L 
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or  of  mercury  h  formed,  m  liilc  the  vessel  k  corrotled,  and  a     Sect.  v. 
qmuitity  of  fluosilicic  acid  gas  mixed  mtL  oxygen  evolved.*  ~' 

Is  it  not  probable  that  iii  this  case  the  fluorine  is  discngacredj 
that  It  immediately  acts  upon  the  silica  in  the  glass,  diseu^a^in^ 
it*  oxygen  luid  forming  fluosilicic  acid,  wldch  may  be  considered 
as  a  compoiuid  of  fluorine  and  sitioou  ? 

Various  attempts  were  made  to  olitain  the  fluorine  in  a  sepa- 
rate state,  by  repeating  tills  experijneat  in  vessels  of  platinum 
and  silver:  but  in  both  cases  it  combined  with  tlie  metal.  So 
that  it  seems  fluorine  has  the  property  of  combining  with  all  ■ 

hudies  tiuit  can  be  employed  its  vessels.     This  precludes  tiie  f 

possibility  of  obtaining  it  in  a  separate  state. 

Tliese  reasons  have  been  still  farther  confirmed  by  various  Atom  of 
compounds  of  flnorine,  discovered  by  more  rect^nt  experiments, 
and  which  will  be  described  in  the  subsequent  part  of  this  work. 
Now  it  is  obnous  that  if  fluor  spar  be  a  compound  oijluorine  tuid 
calciunty  the  weight  of  an  atom  of  it  will  be  ^"-Ib,  For  lime  Is 
a  compound  of  1  atom  cidcium  rz  2-5  and  1  atom  oxygen  =  1 . 
And  as  the  calcium  during  the  analysis  Is  converted  Into  lime, 
it  ia  obvious  that  the  weight  of  the  fluorine,  estimated  merely 
by  the  loss  of  weight,  must  be  underrated  by  tlie  quantity  of 
oxygen  which  has  united  to  the  calcium  or  L  Therefore  fluor 
spar  is  a  compound  of 

1  atom  fluorine  =  '2-25 
1  atom  calcium  =  2*3 


4-75 


Such  are  the  properties  of  tlje  supporters  of  combiLstion,  as 
far  as  they  can  be  detailed  in  this  early  piirt  of  the  work.  The 
numerous  cinnpounds  which  they  form  with  the  other  simple 
biKlies*  will  fall  to  be  described  in  the  subsequent  chapters. 
They  iu-e  probably  aipable  of  uniting  with  every  one  of  the 
other  simple  bodies.  When  thc)^  unite  with  certain  simple  J,^"^^** 
l»odies,  they  constitute  acids^  when  with  others  alkalies  or  bases,  J^S.*"** 
Wldle  some  of  the  compounds  possessing  neither  arid  nor  alka- 
line  qualities,  may  be  calle4l  neutral.  Those  aciib  and  biises, 
containing  the  same  supporter,  are  capable  of  uniting  with  each 
otlier,  and  of  forming  salts  udthout  decomposition.     But  when 


•  Davy,  Phil.  Traos.  1813,  p.  ^75. 
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an  acid  containing  one  supporter,  is  brought  into  contact  witk 
a  base  containing  another  supporter,  it  is  more  rarely  that  they 
combine.  Much  more  frequently  they  mutually  decrompose  eadi 
other.  Thus  there  exist  oxygen  acids,  chlorine  acids^  bramim 
acids,  iodine  acids,  and  fluorine  acids,  and  the  same  number  of  seta 
of  bases.  We  have  oxygen  salts,  chlorine  salts,  bromine  aaltii 
iodine  salts,  and  fluorine  salts.  Berzelius  has  shown  likewise,  that 
sulphur  lias  the  property  of  combining  with  the  other  simple 
bodies,  in  the  same  way  as  the  supporters  do,  and  of  forming  mf- 
phur  acids  and  sulphur  bases,  which  readily  combine  "veith  eadi 
other  and  form  what  may  be  called  sulphur  salts.*  He  assures  m 
that  selenium  and  tellurium  agree  with  sulphur  in  this  respect; 
that  these  bodies  unite  with  tlie  other  simple  substances,  fonn- 
ing  acids  and  bases  capable  of  combining  with  each  other,  so 
that  a  class  of  selenium  salts  and  of  tellurium  salts,  may  also 
be  formed.  Sulphur,  selenium,  and  tellurium,  might,  there- 
fore, be  classed  along  with  the  supporters ;  but  their  analogies 
with  the  acidifiable  bases  are  so  strong,  and  so  close,  that  it 
seems  more  advisable  to  place  them  in  that  set  of  simple  bodies 
wiStS.  ^^^  atomic  weights  of  the  supporters  are  as  follows 


weights. 


Oxygen 

Fluorine 
Chlorine 
Bromine 
Iodine 


1 

2-25 

4-5 

10 

15-75 


Chlorine  is  just  double  the  weight  of  fluorine,  and  iodine  jnst 
7  times  the  weight  of  the  same  atom. 

It  is  probable  that  fluorine  is  still  more  negative  than  even 
oxygen,  which  excels  all  the  other  supporters  in  this  respect 
But  as  fluorine  has  not  yet  been  obtained  in  a  separate  state, 
our  conclusions  can  only  be  supported  by  conjecture  and  ( 
gical  reasoning. 

*  Kong.  Vetensk.  Acad.  Handl.  1826,  p.  332. 
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CHAP.  II. 

OF  THE  SIMPLE   ACIDIFIABLE  BASES. 

The  simple  acidifiable  bases  at  present  knowTit  are  the  following. 
1  Hydrogen  7  Sulphur  13  Uranium 


chifv  n. 


14  Molybdenum 
13  Tungsten 

16  Titanium 

17  Columbium. 


2  Azote  8  S<4enium 

3  Carbon  9  Arsenic 

4  Boron  10  Antimony 

5  Silicon  1 1  Tellurium 

6  Pliosphorus  12  Chromium 

The  first  two  of  these  bodies,  hydrogen  and  azote,  are  gases, 

which  have  never  been  reduced  to  a  liquid  or  solid  state. 
Carbon,  boron,  and  silicon,  are  black,  fixed  jiowders,  which  have 
neither  been  melted  nor  volatilized.  Pho.sphonis,  sulphur,  and 
selenium,  are  solids  easily  fused  and  volatilized  by  heat.  Arsenic, 
antimony,  and  tellurium,  are  metals  easily  fusible  and  volatilized. 
The  liLSt  six  are  difficultly  fusible  metals,  wliich  have  been 
hitherto  obtained  in  the  metidlic  state,  only,  in  minute  quantities, 
1  shall  treat  of  these  acitlifiable  bases  in  their  order j  in  the 
17  following  sections. 

SECTION  I. — OF  HYDROGEN, 

Pure  hydrogen  can  scarcely  be  said  to  exist  in  an  insulated  autory, 
state,  but  it  constitutes  a  part  of  w^ter  from  which  it  may  be 
easily  evolved  by  very  simple  processes.  Being  sometimes  in 
a  state  of  eoml>ination  emitted  in  considerable  quantities  from 
the  surfece  of  the  earth  in  mines,  it  had  occusionally  attracted 
the  notice  of  observers.*  Mayow,-f  Boyle,  J  <»i*d  Hales^f  pro- 
cured it  in  considerable  quantities,  and  noted  a  few  of  its 
mechanictd  properties.  Its  combustibility  wits  known  about  the 
beginning  of  the  1 8th  centiu-y,  and  wits  often  exhibited  as  a 
cm-iosity.  ||  But  Mr.  Cavendish  ought  to  be  considered  as  its 
real  discoverer;  since  it  was  he  who  first  examined  it,  who 
pointed  out  the  flifference  between  it  and  atmospheric  air,  and 
who  ascertained  the  greatest  number  of  its  properties,^  The 
properties  and  compounds  iiito  which  it  enters,  were  afterw^ards 

•  See  an  inatance  related  in  Phil  Trans.  1667,  No.  2G»  p.  452. 

t  Trtcttttos  Quimjuc,  p.  163.     %  Shaw's  Bi>yle,  iii.  '21,     §  Statics,  L  23  L 

I  Gnuiier*9  ElemeiUa  Dodmasia,  i.  45.  This  book  was  published  in 
1739. — Waaserberg  relates  a  story  of  an  accidental  explosion  which  terrified 
Professor  Jacquln's  operator.    Wasaerbefg*s  Institutiones  Chemia?,  i.  184. 

1    Phil.  Trans.  1766,  volJvi.  p.  141, 
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Chap.  iL    examined  by  Priestley,  Seheele,  Lavoisier,  Gay-Lussac,  and 
Humboldt,  Dalton,  Henry,  Berzelius,  and  Dulong*,  and  various 
other  chemists. 
S?Si?^  Hydrogen  may  be  procured  with  great  ease  by  the  foUowiiig 

simple  process.     Into  a  small  retort,  or  a  small  glass  jar  wid 
two  mouths,  as  in  the  margin,  put  a 
number  of  small  pieces  of  zinc,  and  a 
quantitj*^  of  water  sufficient   to  fill  it 
about  half  full.     Through  a   perfor- 
ated cork  fitted  into  one  of  the  montlis 
of  the  glass,  let  a  glass   tube  pass, 
grasped  so  tightly  by  the  cork  that 
no  air  can  pass  between  them.     Thi» 
tube  passes  to  near  the  bottom  of  the 
vessel.     Its   lower  extremity   termi- 
nates in  a  small  opening,  but  its  upper 
extremity  is  widened  out  into  a  fiin- 
nel-shape.     Into  the  other  mouth  of  the  bottle  is  fixed,  by 
means  of  a  perforated  cork,  the  bent  tube  6,  the  extremity  of 
which  dips  into  a  water  trough  under  the  moutli   of  a  glaM 
cylindrical  receiver  filled  with  water  and  inverted  over  the 
shelf  of  the  trough.     Sulphuric  acid  Ls  poured  into  the  funnd- 
shaped  extremity  of  the  glass  tube  r.    It  sinks  by  its  weight  to 
the  bottom  of  the  vessel  a^  mixes  with  the  water,  and  begins 
to  act  on  the  zinc.     Air  bubbles  separate  in  great  abundance 
and  rise  to  the  top  of  the  vessel  a,     Tliese  air  bubbles  consti- 
tute hydrogen  gas.     We  must  not  begin  to  collect  tliis  gai 
till  it  has  had  time  to  displace  all  the  common  air  which  occu- 
pied the  upper  part  of  the  vessel  a  and  tlie  bent  tube  & 
When  we  think  that  enough  has  been  disengaged  to  get  rid 
of  all  that  air,  the  bent  tube  b  is  brought  under  the  inverted  jar, 
the  hydrogen  gas  passes  along  it,  rises  to  the  top  of  the  inverted 
jar,  jind  gradiuiUy  fills  it.     Sulphuric  acid  is  poured  occasi<»- 
ally  when  the  effervescence  begins  to  flag  through  the  tube  e 
into  the  vessel  a. 

Unless  the  zinc,  the  water,  and  the  sulphiu:ic  acid,  be  pure, 
the  hydrogen  gas  tlius  generated  is  not  free  from  all  admixtore 
of  foreign  matter.  Even,  when  all  the  ingredients  employed 
are  pure,  there  is  reason  to  siLspect  from  the  colour  of  the  gas 
when  burning,  that  it  is  not  absolutely  free  from  all  admixture 
of  zinc.  However,  the  quantity  of  that  metal  in  such  cases 
nnist  be  exceedingly  minute.  Zinc  is  seldom  or  never  per- 
fectly pure.     It  usually  contains  traces  of  sulphur,  sometimes 
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of  arsenic,  ami  sometimes  of  charcoal.  On  tliis  account  hy*lro-  **«*^  i< 
gcfi  ^H  often  contains  a  little  snlpliur,  a  little  arsenic,  and 
acconling  to  Mr.  Donovan,  a  litfle  carbonic  acid.*  Tlje  snl- 
phur  and  arsenic,  and  also  tfie  carbonic  acid,  if  present^  may 
be  removed  i>y  passing  the  hydrogen  gas  throngh  a  glass  tube, 
containing  pieces  of  caustic  potash. 

Hydrogen  gas  may  be  obtained  {dso  by  a  similar  procef^s ; 
but  substituting  iron  filings  instead  of  zinc.  In  that  case  tlie 
gas  is  much  less  pure  tlian  wlien  zinc  is  employed.  It  then 
contains  sensible  traces  of  charcoal:  and  likewise  an  oily 
matter*  which  may  be  separated  by  passing  the  gits  through 
alcohol  W' ben  the  alcohol  thug  treated,  is  mixed  with  water, 
and  set  aside  for  some  days,  the  oil  separates,  and  may  be 
collected  in  sensible  quantities  This  fact  was  first  ascertained 
by  Prout. 

I,  Hydrogen  gas  thus  obtained  and  purified,  possesses  the  ^'^'f 
mecluuiieid  properties  of  atmosplierical  air,  and  like  that  fluid 
is  <lestitnte  of  colour,  taste,  and  smelh  When  obtained  by 
means  of  iron  filings,  the  smell  is  bituminous  and  disngrecahle. 
It  is  owing  to  the  oily  matter,  the  vapour  of  which,  in  that 
case,  is  mixed  with  it  When  zinc  Is  used,  the  smell  is  much 
weaker,  but  still  sensible.  But  when  properly  purified,  the 
smell  is  destroyed.  Hydrogen  gas  evolved  by  putting  the 
amalgam  of  potassium  into  pure  water,  has,  according  to  Ber- 
ielius,  no  smell ;  but  if  an  acid  or  sal  ammouiac  be  added  to  the 
water,  it  acquires  the  same  smell  as  when  it  is  obtained  from 
common  zinc. 

*2,  It  is  the  lightest  gaseous  body  witli  which  we  are  specific 
acquainterL  Biot  and  Arago  found  it  0-0732,  that  of  air  being 
l.f  I  prepared  it  from  distilled  zinc,  pure  sulphuric  acid,  and 
distilled  water,  and  \v*ashed  it  carefully  before  weighing  it. 
I  found  the  specific  gravit)'  at  60*",  and  when  the  barometer 
stands  at  *}0  inches,  to  be  0*0603,  reckoning  air  L  Berzeliiis 
and  Da  long  purified  hydrogen  gas  with  great  care,  and  found 
the  specific  gravity  of  it.,  in  that  state,  between  0'0688,  and 
0'0689.}  The  difference  between  this  determination  and  mine 
is  rather  more  than  ^^,^dth  part,  I  am  disposed  to  consider  the 
true  specific  gravity  to  be  0-0694,  that  of  air  being  1,  This 
is  the  specific  gravity  deduced  by  Dr,  Prout,  from  the  specific 
gravity  of  ammoniacal  gas,§     The  specific  gravity  of  this  gas, 

«  PhiK  Mag.  xlvtil  136,  f  Mem.  de  Tlnstitut  1B06,  p.  320. 

f  Ann.  de  Chim.  et  de  Phys.  xv.  386, 
§  Annals  of  Philosophy,  vi.  322. 
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chap.n.    as  determined  by  Davy^  ig  0*590164;  while  I  found  it  from* 

mean  of  three  trials  0'5903L     Tiie  mean  of  these  two  numbers, 

which  c'tumot  differ  far  from  tlie  truth,  is  0*590237.      Now 

ammoiiiacal  gas  is  a  compound  of  3  volumes  hydrogen  ga^  and 

^K  one  volume  of  azotic  gas,  condensed  into  two  volumes,      HeDoe 

^m  (if  the    specific    o^ravity    of  hydrogen    gas    be    x)     we    have 

^^      3^5^0^9/22  _  Q.59Q237^  ^.^leh  gives  us  t  =  0.0694. 

^^^r  If  M 1 1 1  be  the  specific  gravity  of  oxygen  gas,  and  0'06M 

^V  that  of  hydrogen  gas,  then  the   former  is  exactly    16  tuna 

^H  heavier  tlian  tlie  httter.     Now,  by  the  analysis  of  \i^ter  by 

^m  Berzelius  and  Dulong,  we  have  the  weight  of  a   volume  of 

^B  hydrogen  to  a  volume  of  oxygen  gas,  as  1  to  16*OI4,  whick 

^M  differs  less  than  j^^tyth  part  from  the  ratio  of  1  to  16.     SuA 

^m  a  deviation  being  fiu-  mthin  the   limits  of  error  from   experi- 

^K  menti  it  seems  to  savour  of  affectation  to  assume   any  other 

V  ratio.* 

rligiiiito       In  consequence  of  this  extreme  lightness  of  hydrogen  gif 
jooiti.  coinpared  with  common  air,  it  is  employed  to  elevate  weigbtl 

and  ridse  them  to  a  considerable  height  in  the  atmosphere  bjT 
means  of  d.r  bfJIoons,  These  are  large  liags  of  silk  covered 
with  varnish  to  make  tliem  air  tight,  mid  filled  witli  hydrogea 
gas.  Let  us  suppose  the  balloon  ro  he  a  sphere  of  varnished 
silk,  10  feet  in  diameter.  Its  cubic  contents  will  be  n^irlj 
423-6  cubic  feet.  Now,  4*20-6  cubic  feet  of  air  \%'eigh  aboot 
32j5  lbs.  avoirdupois.  But  the  same  weight  of  hydrogen  gM 
(supposing  it  pure,  will  weigh  no  more  than  2  lbs.  If  tlierefofe 
the  silk  bag  containing  the  ga^  weigh  less  than  30  lbs.,  it 
not  only  fioat,  hot  actually  ascend  in  the  air,  and  it  \i*ill 
tlie  higher  the  greater  the  difference  behii'een  the  weight  of 
the  balloon  and  that  of  the  surroiuiding  air.  A  cubic  fool  i 
air  weij^hs  about  .'jOB'IS  grains.  And  3000  cubic  feet  wci 
about  '231  lbs. ;  while  the  same  vohmie  of  hydrogen  gi 
only  weigh  14*4  lbs.  It  would  therefore  l>e  sufficient  to  i 
vate  a  very  considerable  weight.  But  the  gas  w4th  which 
balloons  are  filled,  is  obtained  usually  from  iron  turnings,  soi 

♦  If  we  admit  the  specific  gravities  of  oxygen,  azote,  and  hydrG^ieti,  I& 

be  aa  follows  :  

Oxygen,        ,        .        .        Mill 
Azotic.  .         .         .         09722 

Hydrogen,     .        .        .        0'06£4 
Thf  lely  16  tiitiefl,  and  azotic  gas  14  timea  heavier 
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h  much  heavier  than  pure  hydrogen  gas,  seldom  lighter  than 
oiie-fiftlt  the  weight  of  common  air,  and  sometimes  even  heavier 
tliau  that.  On  this  account,  the  volume  of  the  balloon  requires 
to  be  considerably  greater  thim  would  be  necessary,  if  the  gag 
could  he  employed  in  a  *itnte  approaching  to  purity. 

th  It  refracts  light  much  more  powerfully  than  any  other 
gaseous  l>ody,  if  we  take  into  account  its  small  s|:K^cific  gravity. 
According  to  the  experiments  of  Duloug,  its  refriicting  power 
is  0*470,  that  of  air  being  represented  by  L* 

4,  As  the  intensity  of  sound  is  liiminlshed  by  the  rarefaction  niinini«i»o 
of  the  medium  in  whicli  it  is  produced,  we  woidd  naturally 
expect  it  to  be  feebler  in  hydrogen  gas  than  in  common  air. 
But  Mr.  Leslie  has  shown  that  the  diminution  is  much  greater 
than  was  to  have  been  expected.  He  put  a  piece  of  clock- 
work, by  wdiich  a  bell  is  struck  every  ludf  minute  within  tlie 
receiver  of  an  air-pump,  and  after  exhausting  the  air  100 
times,  introduced  hydrogen  gas  into  it.  But  the  sound,  instead 
of  being  augmentefl,  was  much  feebler  than  in  air  rarefied  100 
times.  A  mixture  of  hydrogen  gas  witli  common  air  him  a 
great  influence  in  blunting  tlie  sound.  If  half  the  volume  of 
atmosphericjd  air  be  extracted,  and  liydrogen  gas  admitted  to 
fill  tlie  vacant  space,  the  sound  will  now  become  scarcely 
audible.f 

It  is  well  known  that  sound  moves,  at  leasts  thrice  as  fast  in 
hydrogen  gas  as  in  air. 

5.  All  burning  substances  are  immediately  extinguished  by 
being  plunged  into  tliis  gas.  It  Is  incapable  therefore  of  sup- 
p or t  i  ng  couil  j us t  ion . 

6.  Wlieii  animals  are  obliged  to  breatlie  it*  they  soon  die- 
The  death  is  occasioned  merely  by  depriving  the  animal  of 
oxygen.  The  animal  dies  precisely  as  it  would  do  if  plunged 
imder  water. 

When  a  mixture  of  hydrogen  and  oxygen  gases  is  made  in  ^^ 
the  same  proportion;!*  as  common  air,  substituting  hydroe^en  for 
azotic  gas,  animals  put  into  it  breathe  without  any  inconveni- 
ence. But  from  the  trials  of  Messrs.  Allen  and  Pei^ys,  it 
appeiirs  to  have  tlie  curious  property  of  throwing  the  animal 
into  a  profouiul  sleep. 

7.  Hytlrogen  grts  is  not  sensibly  absorbed  by  water  though  ^XltJ^*** 
left  in   contact  udth   it.     Wlien  %vater   has  been   previously 
deprived  of  its  air  by  boiling,  it  al>sorbs,  according  to  the 

♦  Ann.  de  Chim.  et  de  Phys.  xxxL  J  66* 
f  Annals  of  Philosophy  (kd  ScriesX  i^'-  172, 
I,  II 
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ciwp.ii  experiments  of  Dr.  Henry,  I  "53  per  cent  of  hydrogen  ga«.* 
Saussure  states  that  water  absorlw  4^  per  cent  of  it,  and  alooM 
5*1  per  contf  But  his  experiments  probably  err  in  giving  a 
result  rather  above  the  truth. 

8.  No  pressure  hitherto  applied,  though  amounting  to  full? 
1000  atmospheres,  lias  had  any  sensible  effect  in  condenong 
hydrogen  gas  or  reducinp^  it  to  a  liquid  state.  It  is  probabhr 
the  most  difficultly  condensible  of  all  the  gases. 

II.  Hydrogen  has  the  property  of  combining  vnth  all  Ae 
sup]>orters  of  combustion.  The  compomid  which  it  forms  witk 
oxygen  is  water.  With  chlorine  it  forms  muriatic  or  Ajirirv- 
chloric  acid;  with  bromine  hydrdbromic  acid;  yinih  iodine 
hydriodic  add:  and  with  fluorine  hydrojlnoric  acidj 
comunn  1.  When  a  lighted  candle  is  brought  to  the  mouth  of  a  pUd 

nlled  with  hydrogen  gas,  it  bums  with  a  flame  scarcely  pc^ 
ceptible  in  daylight,  and  having  a  white  or  bluish  \irhite  colour 
if  the  gas  be  pure ;  when  tinged  red,  or  green,  or  yellow,  thew 
colours  indicate  the  presence  of  some  foreign  substance  in  tk 


with  osygen. 


And  fimiiii 
watrr. 


if  pure  ox^'gen  and  hydrogen  gas  be  mixed  together,  dier 
remain  unaltered ;  but  if  a  lighted  taper  be  brought  into  eiMh 
tact  Mith  them,  or  an  electric  spark  be  made  to  pass  tlirougk 
them,  they  burn  with  astonishing  rapidity,  and  produce  a  vio- 
lent explosion.  If  these  tu'o  gases  be  mixed  in  the  proportioB 
of  one  part  in  bulk  of  oxygen  gas  and  two  parts  of  hydrogci 
gas,  they  ex]>lo<lo  over  ^^-atcr  without  leaving  any  visible  ni- 
duuni ;  the  vessel  in  which  they  were  contained  (provided  tie 
gjvses  wore  pure)  being  completely  filled  with  water.  TUi 
important  exporimont  was  made  by  Scheele ;%  but  for  want  rf 
a  g(K>d  ap]>anitus  he  xi^as  not  able  to  draw  the  proper  comc^ 
<Juonct»s.  Mr.  Cavendish  made  the  experiment  in  dry  gfav 
vessels  \nth  all  that  precision  and  sagacity  which  charactem 
his  philoso|)hical  labours,  and  ascertained,  that  after  the  coo- 
biLstion  there  w«is  always  deposited  a  quantity  of  water  eqol 
in  weight  to  the  tu'o  ga^^es  which  disappeared.  Hence  k 
concluded  that  the  tAvo  gases  had  combined  and  formed  tl* 
water.  This  inference  inns  amply  confirmed  by  the  subseoMit 
experiments  i)f  I^ivoisier  and  his  friends.  Water,  then,  i^ 
a  compound  of  oxygen  and  hydrogen,  united  in  the  propo^ 
tion  of  one  volume  of  oxygen  to  tAVO  volumes  of  hydngfi- 

*  1803^  p.  274.  f  Annals  of  Philosophy,  tL  Sia 

«l  Fire,  p.  57;  and  OdTs  Annda,  in.   loi.  Bi^ 
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ritit  tlio  Specific  gravity  of  oxygen  gas  is  Mill,  and  tliat  of     sect.!. 

liytlrot^en  gas  0-0694,     So  tlmt  oxygen  gas  is  16  times  lieaner  " ^ 

thaji  hydrogen  gas.  Therefore  water  h  conipo&eil  by  weight 
of 

Oxygen,  .         .         I?         1- 

Hydrogen,  .         *  1  0*1*25 

If  therefore  we  suppose  water  to  be  composed  of  one  atom  of  Atomic 

1  f   t       I  1  t  «    1      weight 

oxygen  and  one  atom  or  hydrogen,  and  represent  the  weight 
of  an  atom  of  oxygen  by  1,  the  weight  of  an  atom  of  hydrogen 
will  Ik*  U'125. 

A  stream  of  hydrogen  issuing  from  a  tube  may  be  set  on 
fire  l)y  bringing  in  contact  witb  it  an  iron  just  \nsibly  red  hot- 
At  hiwer  U*in|ieratiires  it  does  not  burn  with  flame ;  but 
silently  combiues  with  the  oxygen  of  the  atmosphere,  and  is 
converted  into  water, 

Davy  found  that  a  mixture  of  two  volumes  hydrogen  and 
one  vohnne  oxygen,  would  not  burn  by  an  electric  spark  when 
expanded  to  18  times  their  natural  volumcj  but  when  the  tube 
eojitaiiiiug  the  gtises  wa**  heated  nearly  t^  recbiess  and  an  elec- 
tric s|)iirk  pa«ised,  a  feeble  fhish  of  light  was  visible  indicating 
a  combustion. 

W^hen  1 00  voltunes  of  siir  are  mixed  with  42  volumes  of  Enipioy«]  lo 
hydrogen  gas^  and  an  electric  spark  passed  through  the  mix- 
ture, a  detonation  tiikes  place,  tJie  oxygen  of  the  air  is  con- 
sumed, and  the  residue  consists  chiefly  of  azote.  This  is  the 
easiest  methml  of  aaaly/irig  air,  Gay-Lussac  and  Humboldt 
found,  that  when  the  experiments^  were  made  with  the  requisite 
accuracy,  the  volumes  of  oxygen  gus  in  100  volumes  of  ^iT 
indicated,  ,'a*e  ahnost  exactly  21  volumes.  As  water  is  formed 
by  tlu'  union  of  2  volumes  hydrogen  and'l  volume  of  oxygen, 
tlje  diminution  of  bulk  divided  by  3,  gives  the  volume  of  oxy- 
gen gas  in  the  mixture.  I  made  a  set  of  experiments  TH'ith 
every  attention  to  accuracy  tluit  I  could  think  of,  in  order  to 
obtain  correct  results.  The  air  employed  was  collected  over 
a  green  fiehl  at  some  distance  from  houses,  and  the  hydrogen 
gas  was  prepared  by  means  of  distilled  zinc,  pure  sidphuric 
acid  and  distilled  w^ater.  The  retort  employed  wa-^s  completely 
filled  vinth  the  mixture,  antl  the  hydrogen  for  the  suiidysis  of 
the  air  was  used  as  it  was  issuing  out  of  the  beak  of  the  retort 
wltJiout  being  allowed  to  stand  over  water.  Tlie  result  of 
these  exjieriments  wiis  as  fotlow^sJ, 

Unless  we  mix  42  volumes  of  hydrogen  gas  with  100  of  air 
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chapLii.  die  combustion  is  incomplete,  a  little  oxygen  escaping  the 
action  of  the  hydrogen.  Thus  a  mixture  of  100  volumes  air 
and  40  hydrogen  being  fired,  the  diminution  of  bulk  was  only 
57,  indicating  only  19  per  cent,  of  oxygen  in  the  air.  A 
mixture  of  100  volumes  air  and  42  hydrogen  being  fired,  the 
loss  of  bulk  was  precisely  60  volumes  in  three  experiments; 
indicating  20  volumes  of  oxygen.  When  the  quantity  exceeds 
42  volumes  of  hydrogen,  the  loss  of  volume  after  firing  con- 
stantly increases  with  the  hydrogen.  When  we  mix  100 
volumes  of  air  with  100  of  hydrc^en,  the  diminution  of  bnlk 
by  firing  such  a  mixture,  was  64  volumes,  indicating  21| 
volumes  of  oxygen.*  As  the  diminution  of  bulk  depends  vpon 
the  proportions  in  which  the  air  and  hydrogen  are  mixed,  it  ii 
clear  that  this  method  alone  is  not  sufficiently  precise  to  give 
us  the  volume  of  oxygen  in  common  air.  I  therefore  Idfk  a 
hundred  volumes  of  air  standing  over  mercury  to  the  action  of 
phosphorus  during  two  days  in  the  sununer  of  1824^  The 
diminution  of  bulk  after  washing  tlie  residue  in  water  wm 
considered  as  the  oxygen  abstracted  by  the  phosphorus.  Tie 
mean  of  ten  experiments  made  in  this  wsy  gave  the  compoo- 
tion  of  conunon  air. 

Oxygen,         .         .         20*0265  volumes 
Azotic,  .         .         79-9735 
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coaiKMiuon  Tliis  differs  by  little  more  than  y^^jyth  part  from  20  volmnei 
oxygen  and  80  azote,  and  as  my  measures  were  not  minute 
enough  to  enable  me  to  determine  within  y^V^th  part  of  tke 
bulk,  I  consider  myself  entitled  to  consider  the  volume  rf 
oxygen  in  common  air,  as  sensibly  20  per  cent.f  Hence  il 
is  obvioas,  that  in  order  to  deprive  100  volumes  of  air  of  tie 
whole  of  their  oxygen  (exactly)  by  combustion,  we  must  nix 
them  with  42  volumes  of  hydrogen  gas,  which  is  a  redundancy 
of  uV  P^^  ^^  ^^^  whole.  If  we  employ  less,  some  ozygei 
remains  unconsumed;  if  we  employ  more,  some  ammonia  i* 
formed,  wliich  diminishes  both  the  residual  hydrogen  and  die 
azote,  and  tliereby  makes  the  loss  of  bulk,  and  consequentif 
the  oxygen  too  high. 

If  we  put  a  few  pieces  of  zinc  with  dilute  sulphuric  acil 
into  a  conmion  eight  ounce  phial,  furnished  with  a  perforated 

»  First  Priricipleg,  i.  96.  f  Ibid.  i.  98. 
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cork,  through  wliicli  a  small  glass  tube  passes,  having  its  upper     **^  ^ 
extremity  flrawii  into  a  ca|>illary  liore,  the  hydrogen  gas  issues 
through  this  tube  at  tirst  with  great  violence ;  but  when  the 
action  of  the  acid  on  the  zinc  diminishes,  the  gas  issues  more 
sJowly,  and  iJi  smaller  quantities.     When  tliis  is  the   case, 
if  we  set  fire  to  the  gas  as  it  issues,  and  then  slip  the  ghiss 
tube    a    over   it,    pretty   loud   sounds    are    prmlucecL 
These  sounds  vary  with  the  size  and  length  of  the  tube, 
imd  with  the  height  of  the  tube  by  m  the  tube.     The 
most  musical  notes  are  produced  when  tlie  tube  a  is 
about  3  feet  long,  and  rather  narrow*,  and  when  the  tube 
b  does  not  pass  higher  up  than  an  inch  or  two.     These 
tones  were  first  produced  by  Dr.  Higgins,  in  1777,  while 
exhibiting  the  formation  of  water,  by  the  combustion  of 
hydrogen  giis.*     The  c^^iuse  of  these  sounds  was  first 
exphiined  by  Mr.  Faraday,  w4io  sliowed  that  small  suc- 
cessive explosions  take  place  in  the  tube,  by  the  com- 
bustion of  mixed  portions  of  air  and  hydrogen.     The 
yibrationj»  produced  by  these  explosions  produce   the 
sound. 

When  a  mixture  of  oxygen  and  hydrogen  gases  is  set 
on  fire,  they  burn  with  very  little  liglit ;  but  produce  a 
most  inteu!^e  heat.     This  mixture  was  first  employed  as 
a  blow-pipe,  by  Dr,   Hare  of  Philadelphia,  about  the 
year  1830  or  1801,  and  he  succeeded,  by  means  of  it, 
in  fusing    the  most   refractory  mineral   substances.f       More 
lately  it  was  revived  by  Dr,  Clarke,  who,  at  the  suggestion  of  oiy-h] 
Mr.    Newman,  introduced  a   mixture   of  the  two  gases  into  pip* 
Brooke's  blow-pipe,  and  condensed  them,  and  then  set  fire  to 
the  mixture  issuing  out  of  a  capillary   tube.      The  results 
obtained  by  him,  were  nearly  the  same  as  those  which  had 
been  already  made  known  by  Dr.  Hare.     I  contrived  an  oxy- 
gen and  hydrogen  blow-pipe,  in  the  year  1801,  and  made  many 
experiments  on  its  powers;  but  as  almost  all  my  results  hiid 
been  anticipated  by  Dr.  Hare,  I  never  thought  it  worth  while 
to  give  any  of  them  to  the  public.      My  trials  were  confined 
chiefly  to  tlie  metals,  all  of  wiiich,  that  1  had  an  opportunity  of 
trying,  I  found  I  was  able  to  melt  by  this  powerful  instrument, 
I  have  been  annually  in  the  habit  of  exhibiting  the  effects  of 
tills  blow-pipe  to  my  students,  and  us  the  instrument  is  simple. 


*  Nichalson*s  Journal,  i.  130. 
t  Ann.  de  f'hini.  xlv,  1 13. 
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and  hm   not    hitherto    I^'m 
d escribed^  it    may    be  wortJi 
while  to  exhibit  an  outline  of 
it  Lere. 

A  and  B  nro  two  air-holders 
of  whitii  A  liasj  double  tlit* 
capacity  of  B,  From  tach 
of  fhcse  air-holders  proceeds 
the  tubes  flfaiid  e,  about  5  feet 
long^  tiud  tenniiiating'  in  tbt 
l>ottom  of  the  open  ves*»el  (. 
whidi  is  fnpable  of  holdintj  a* 
much  water  as  will  fill  the  tvt 
vessels,  A  and  Bj  com)>l 
d  and  e  have  the  stop-t «  i 
and  ffy  and  tliey  are  «crewH 
into  the  top  and  bottom  of  R 
A,  and  Cy  by  meaii«  of  ri^lit 
and  left  handed  scre^rs.  From 
the  top  of  A  and  B  proci?ed 
the  tin  tidies  h  and  t,  hRrin^ 
the  stop-cocks  h  and  /,  aiid  t^* 
minuting  each  by  g-rindinginto 
the  comoion  stop-cock  //i.  Tin? 
air-holder  A  is  filled  widi  hy* 
firogen  gas,  and  the  air-holder 
B  witli  oxygen  gas.  The  ves*r! 
C  is  filled  wirli  w^ater.  Ih 
opening  the  stop-cncks  yaiwl 
ffj  the  water  runs  down  into 
tlie  gas-holders  A  and  R,  nnd 
compresses  the  gases,  Whru 
the  8top-€oeks  k^  K  and  m  are  turned,  the  gases  are  forced  alowr 
the  tin  fabeH,  and  mixing  togetlier  in  the  common  8to|-- 
tube  ?//,  issue  at  the  pnint  o  witli  great  violence.  As  tliey  i-v 
fi-om  o,  they  arc  set  on  fire,  and  form  a  jet  of  white  flame  scarcely 
visible.  The  Ijj'drogen  gas  would  issue  in  too  g^eat  prtf^KX^ 
tion;  hilt  tills  is  easily  regidated  by  opening  the  stop-cocb 
A,  A,  more  or  less  respectively,  till  the  flame  of  the  jet  is  bitnigbt 
to  a  very  Hmnll  din  meter,  and  becomes  wiiite.  The  Hubstancesli 
be  acted  on  arc  rnrrcly  placed  within  this  flame.  Eiirtlis  aoi 
powcierM  I  ujuially  pot  into  the  mouth  of  a  tobacco  pipe*  TV 
two  moat  nplentlid  illiiHtrations  for  exhibition  to  a  class,  are  the 
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combiifitiaii  of  a  piece  of  watch  springy,  and  the  exposing  a  ^^^  i* 
qiuiiUity  of  quicklime  in  a  toliacco  pipe  month,  to  the  oxygen 
mid  hyilrOi^^Mi.  The  lar^e  sphere  of  brilliant  Bpurks  evolved 
from  the  watcli  spring",  and  the  intense  white  lijy^ht  g'iven  out 
hy  the  lime,  so  splendid  tlmt  the  eye  csui  scarce ly  bear  it,  are 
pecidiarly  tine. 

Water  in  a  tran?*parent  and  etilourless  liqnid,  destitnte  of 
smell,  and  nearly  without  tiiste.  It  freeices  at  3*2^  and  boib  at 
t21'2'**  Its  density  is  greatest  at  the  temperature  of  39^*38,  as 
detennined  hy  Halstroem. 

According  to  the  determination  of  Captain  Kater,  and  the  JJ^Jjf -'^chV 
other  scientific  commissiooers  ajjpoiiited  by  the  British  govern-  ***''^ 
ment,  to  contrive  the  best  means  for  tixing  an  invarialile  st^^mdard 
of  weights  and  measures,  a  cubic  inch  of  distilled  water,  at  the 
tempeniture  o(62°,  and  when  the  barometer  stands  at  ?K)  inches, 
weighed  in  air  with  Un\i^  weights,  weighs  ^52*458  gniins, 
and  in  vacuo,  *252*722  grains.  Hence  at  the  temperature  of 
00*,  the  weight  of  a  cubic  inch  of  n-ater^  weighed  in  air  by  brass 
weights,  iH  almost  exactly  25*2*5  gnuns* 

Water  being  the  substance  mo.st  eafiily  procured  in  every 
part  of  the  earth  in  a  state  of  purity,  it  haa  been  cJio^n  by 
universal  consent,  to  represent  the  unit  of  the  s^iecific  gravity 
of  all  solid  ami  liquid  bodies.  When  we  say  that  tlie  specific 
gravity  of  a  l>mly  is  2,  we  mean  that  it  weighs  twice  as  much 
as  the  sjime  volume  of  water  wouhl  do.  Now  a  cubic  foot  of 
water,  at  the  temperature  of  60,  and  when  the  barometer  standi 
at  8t)  inclies,  weiglis  998*217  avoirdupois  ounces,  which  is 
only  l*7B3  ounces  less  than  1000.  Heuce  if  we  know  tht^  specific 
gravity  of  a  body,  we  have  very  nearly  tlie  weight  of  a  cubic 
foot  of  it  in  avoirdupois  ounces. 

From  the  experiments  of  IMot  and  Arago,  we  learn  that  iOO 
cubic  indliet  of  air,  at  the  temperature  of  60^,  and  when  the 
barometer  stands  at  tMi  inches,  weiglj  31-1446  grains.  Hence 
it  follows,  that  water,  at  that  temperature  and  pressure,  is 
810*734  times  hea\ier  tlian  air. 

When  water  shoots  int/i  ice,  it  forms,  in  the  first  nlaee,  a  Cii>ta!>tif 

1  »        «  I  H  water, 

prism  not  very  regular  in  itis  shape,  but  very  long.  Irom 
this  primary  prism  other  smaller  ones  shoot  out  on  both  $ides, 
and  always  at  angles  of  60"  and  120.  Hiiil  is  always  crystal- 
lized ill  the  forui  of  tw^o  six  sided  pyramids,  applied  bit^e  to 
Imse.  The  faces  of  the  two  ppamids  meet  at  angles  of  about 
S0°^  and  one  of  the  p>Tamids  is  always  truncated, •  Dr.  Clarke 
^  Sec  SmithfiOii ;  Anaats  of  Fbilosopliy  (2d  »erie«),  v.  340. 
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observed  regular  crystals  of  ice  at  Cambridge,  on  the  3d  Janu&iyt 
182  L  They  were  rhomboids,  the  faces  of  whicii  were  inclmed 
to  each  other,  at  iuigle8  of  1'20°  aiid  GO''.*  Beruardi  Im 
endeavoured  to  deduce  from  considerations  connected  wMi 
crj'stallography,  that  the  primary  form  of  ice  mu*it  be  a  rhonh 
bold  very  nearly  agreeLiig  vrith  that  of  calareous  spar.-|- 

Water,  if  we  are  to  judge  from  the  combbiations  into  whidi 
it  enters,  is  a  neutral  substance.  It  shows  little  tendency  to 
combine  'w^th  simple  bodies,  whether  supporters,  or  acid  or 
aUtaliiie  bases.  But  it  combines,  and  a]>pareiitly  ^tli  eqml 
readiness,  both  with  acids  and  bases ;  tJjough  \%'itliout  di»* 
gutsing  their  |>eculiar  properties,  or  neutralizing  their  energies 
It  would  be  improper  to  consider  the  combinations  \^'liicli  watcf 
forms  with  the  alkaline  bases,  (though  it  combines  with  ikem 
in  definite  proportions)  as  entitling  it  to  be  called  an  acid.  Ota 
this  accoimt,  tlie  term  hifdrate^  applied  to  these  combiRalioQI 
by  Proust,  and  now  generally  employed  by  chemists,  is  sOBut' 
what  objectionable.  Far  less  should  we  view  it  as  an  alkaK 
when  it  enters  into  definite  combinations  with  acids.  Itenten 
as  a  constituent  into  many  salLs,  and  its  presence  or  absencci 
imA  when  present,  its  quantity,  produces  considerable  diiTerencci 
in  the  specific  gravit^s  the  hardness  and  the  shape  of  tlie  salts. 
Of  this  we  shall  see  many  examples,  when  1  come  to  g-ive  ail 
account  of  tlie  saU». 

It  is  not  easy  to  form  an  accunite  idea  of  the  w*ay  that  wativ 
unites  with  other  bodies.  The  electric  theory  of  combinatioi 
will  scarcely  apply  to  it,  or,  at  least,  we  cannot  detemmif 
except  from  analogy,  whether  it  be  positive  or  negative  ^liA 
respect  to  tliose  bodies  with  which  it  unites.  For  if  we  attempt 
to  decompose  such  compounds,  the  ivater  is  always  in  the  fiist 
place  reduced  to  its  elements* 

Hydrogen  is  capable  of  uniting  with  an  additional  dose  ef 
Oxygen,  and  of  forming  a  new  liquid  compound,  which  may  be 
distinguished  by  the  name  of  deutoxkk  qfhi/dntgen.  For  thif 
important  discovery  we  are  indebted  to  M.  Thenard.  Bk 
method  of  proceeding  wtis  to  dissolve  peroxide  of  barium^J  in 
diluted  muriatic  acid,  and  then  to  precipitate  the  barytes  bf 
means  of  sulphuric  acid.  This  process  is  repeated  a  number 
of  times,  and  then  the  muriatic  acid  is  removed  by  treating  tlit 


•  Edin.  Philos.  Joum,  viu  1B9. 

f  Sehweiggcr*fi  Jahrfjuch,  ii.  J. 

t  A  Bubfitancc  which  will  be  described 


in  a  subsequent  part  of  tbiA  worlu 


HYDROGEN. 

liquid  with  sulphate  of  silver.  The  sulphuric  add  itself  is  now 
thrown  doirn  by  means  of  harytes  or  peroxide  of  barium. 
Nothing  remains  l>m:  a  mixture  of  water  and  deutoxide  of 
hydrogen.  This  mixture  is  put  uiider  the  exhausted  receiver 
of  an  air-pump,  along  with  sulphuric  acid,  the  water  gradually 
evaporates  and  leaves  the  deutoxitle  of  hydrogen  in  a  state  of 
purity.     Its  properties  are  m  follows: 

Its  specific  gravity  is  1-453.  Hence,  when  poured  into 
water,  we  see  it  fall  to  the  bottom  of  that  litpiid  like  a  sort  of 
eyrup,  though  it  Is  very  soluble  in  it.  It  attacks  the  epidermis 
almost  instantly,  and  produces  a  prickling  pain,  the  duration  of 
which  varies  aecordLig  to  the  quantity  of  liquid  applied  to  the 
skin.  If  this  quantity  be  too  greats  or  if  the  liquid  l)e  renewed, 
the  skin  itself  is  attacked  and  destroyed.  When  applied  to  the 
tongue  it  whitens  it  likewise,  tliickens  the  saliva,  and  produces 
on  tlie  organs  of  taste  a  sensiition  difficult  to  express;  but 
whieli  approaches  to  that  of  tartar  emetic. 

Unfortunately  tliis  extraordinary  compound  cannot  be  pre- 
served. If  left  to  itself,  whether  hi  the  dark,  or  exposed  to 
the  light,  it  undergoes  ^ontaneous  decomposition,  oxygen  gas 
being  given  out.  It  might,  perhaps,  be  presen-ed  if  it  were 
surrounded  mtli  ice.  But  this  metliwl,  at  least  in  this  couirtrv, 
would  scarcely  be  practicable.  Wlien  heated  to  the  tempera- 
ture of  about  80%  it  is  decomposed  with  a  violent  explosion, 
oxygen  gas  being  evolved  in  great  abuudaiice.  This  experi- 
ment caiuiotbe  made  with  sjifety  without  diluting  the  deutoxide 
with  a  good  deal  of  water.  Wlien  thus  diluted,  the  oxygen 
gas  evolved  may  be  collected  over  mercury,  M.  Thenard 
found  that  one  volume  of  deutoxide,  thus  treated,  g^ve  out  475 
volumes  of  oxygen  gas.  From  this  he  concluded,  that  it  con- 
tains just  twice  as  much  oxygen,  combined  with  hydrogen,  as 
water  does.     It  is  therefore  composed  of 

Hydrogen         .         .         1 

Oxygen  .         •  15 

Hence  if  ^i^ter  be  a  compound  of  one  atom  oxygen  and  1  atom 

j     hydrogen,  tbe  deutoxide  must  be  a  compound  of  two  atoms 

I     oxygen  and  one  atom  hydrogen  ;  or  of 

I  I  atom  hydrogen  =  0*125 


lOf 


8ec<.l. 


PrafWftl«^ 


Compoiltioo. 


2*125 


s^i  that  an  atom  of  deutoxide  of  hydrogen  weighs  2*\Q5, 

It  has  been  exposed  to  a  cold  of  —  22°  without  congealing. 
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cM>>  "•  This  substance  exhibits  a  very  remarkable  set  of  phenomena, 
when  acted  on  by  other  bodies;  in  consequence  of  which,  if  it 
could  be  produced  at  a  sufficiently  cheap  rate,  it  would  con- 
stitute one  of  the  most  important  of  all  substances  in  chemied 
investigations.  As  it  is  capable  of  being  resolved  into  oxygen 
gas  and  water,  by  a  temperature  not  exceeding  80^,  it  must  be 
obvious,  that  many  substances  which  have  a  strong  affinity  ftr 
oxygen,  or  for  water,  must  be  ca})able  of  decompoBing  iL 
But  many  bodies  are  capable  of  producing  this  decompoeitm 
by  simple  contact,  without  entering  into  combination  either 
with  the  oxygen  or  water.  For  all  tlie  fects  relative  to  Iheie 
decompositions,  hitherto  determined,  we  are  indebted  to  IL 
Thenard.  I  shall  here  give  as  concise  an  account  of  them  m 
possible,  consistent  with  clearness. 
&^tSi^  The  substances,  in  order  to  act  upon  deutoxide  of  hydrogo^ 
*«»<»«»•  should  be  in  the  state  of  a  fine  powder.  When  in  this  state, 
every  drop  of  deutoxide  let  fall  u])on  them,  produces  a  detona- 
tion with  the  sudden  evolution  of  heat,  and  often  of  liglit 
The  best  way  is  to  put  the  substances  into  a  glass  tube,  and  to 
let  fall  upon  them,  by  means  of  a  sucker  \idth  a  capillary  montL 
the  deutoxide  of  hydrogen,  drop  by  drop. 

Charcoal  and  selenium  are  the  only  simple  non-metalBc 
bodies  which  act  upon  it  The  selenium  is  acidified.  Tie 
charcoal  expels  the  oxygen  without  combining  with  it. 

Silver,  phitiimm,  gold,  osmium,  palladium,  rhodium,  aid 
iridium,  when  in  the  state  of  fine  powder,  decompose  it  wiA 
violence,  driving  oif  the  oxygen  without  combining  with  it 
I  am  disposed  to  ascribe  these  decompositions,  in  part  at  least 
to  the  elevation  of  temperature,  produced  by  the  capillary 
attraction  of  the  liquid  into  the  pores  of  the  powders.  F» 
when  they  are  in  the  state  of  filings  or  lumps,  they  still  wt^ 
but  very  feebly  and  slowly. 

Lead,  bismuth,  and  mercury,  exercise  an  action,  slow  at  fint, 
but  gradually  increasing  in  energy.  The  oxygen  is  driven  oC 
and  the  metals  are  not  oxydized. 

Cobalt,  nickel,  cadmium,  copper,  act  very  feebly.  Ina, 
tin,  tellurium,  antimony,  seem  to  have  no  action  whatever. 

Arsenic,  molybdenum,  tungsten,  chromium,  as  well  as  pot*- 
slum  and  sodium,  are  oxydized;  but  a  considerable  proportioi 
of  the  oxygen  is  expelled.  Arsenic,  molybdenum,  potassiiuk 
and  sodium,  act  with  groat  energ}^,  light  being  disengage! 
Manganese  and  zinc  are  like^^-ise  oxydized;  but  the  action  rf 
the  last  of  tliese  metals  is  very  feeble. 
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The  metallic  sulphureta  exhibit  phenomena  easily  explicable, 
Thase  of  the  ulkaliiie  bases  are  converted  into  ftnlphates  ;  those 
of  the  acidifiable  bases  are  eonverted  into  aeitls,  while  the  siil- 
l>hiir  Ls  diiten^p;'e(l. 

The  action  of  the  metallic  oxitle;*  is  very  various.  Barytes, 
strontiaii*  lime,  oxide  of  zinc,  the  two  oxides  of  copper,  oxide 
of  nickel,  protoxides  of  iron,  manganese,  tin,  ca!>alt,  arsenic, 
&c*  doubtle*is  ab^^orb  oxyjSren.,  and  are  eonvertetl  into  peroxides. 

Most  of  tlie  cjitcined  oxiden  expel  the  surplus  oxygen  from 
the  deiitoxide. 

MaiiAieot,  teroxide  of  manganese,  i>eroxide  of  cobidt,  and 
liytirous  peroxide  of  iron,  exercise  a  more  Wolent  action,  but 
are  not  themselves  altered 

The  oxides  of  silver,  gfold,  &c.  act  ^-ith  great  violence,  and 
not  only  decompose  the  deutoxide,  but  iire  themselves  reduced 
to  the  metallie  state* 

Finally,  it  may  be  mentioned  that  the  addition  of  any  acid 
to  tlie  deutoxide  of  hydrog-en,  renders  it  more  permanent,  and 
has  a  tendency  to  prevent  the  disengagement  of  oxygen  from  it,* 

t2,  Tlie  compound  of  liydrogen  and  chlorine  Is  known  by 
the  Jiames  of  mtiriaiic  acid  or  hyiiro-rhiork  ackt  It  has  been 
long  kno\m,  and  is  one  of  the  most  powerfid  and  useful  of  all 
the  acids  in  a  cliemical  laboratory. 

If  equal  volumes  of  chlorine  and  hydrogen  be  put  into  a 
glass  tube  and  exposed  to  the  direct  rays  of  the  sun,  an  explo- 
sion tiikes  jdace*  Thin  curious  fact  was  first  observed  by 
Gay-Luj*sac  and  Tlienard,f  When  two  equal  glass  vessels, 
ground  so  as  to  fit  each  other  and  filled,  the  one  with  dry 
chlorine  and  the  other  with  hydrogen,  are  placed  in  contiict 
and  exjiosed  to  the  light  of  day,  but  not  tjo  sujishine,  tlie 
yellow  colour  gradually  disappears  ;ind  the  mixture  becomes 
colourless.  If  it  be  now  exmnined  it  will  be  finind  converted 
into  pure  muriatic  acid  gas,  equal  in  bulk  to  the  volume  of 
the  two  gases  before  combination 4  Hence  it  follows  that 
this  gas  is  a  compound  of  cldorine  and  hydrogen.  Tlie  expe- 
riments which  led  to  this  conclusion  were  first  made  by  Gay- 
Lussac  and  Thenard,     Rut  tlie  consequence  was  first  dra^Ti 


Setri.  I 


Hydrogeti 


Forminir  mu. 
riatic  Acid. 


•  See  Anoalfl  of  Philosophy  (2d  series),  ni.  41. 

t  Uecherches  Physico-Chiniiques,  ii,  1 29.  The  discovery  woa  likewise 
made  by  DnJton,  who  coinniuaiciitcd  it  to  mc  by  letter  before  the  publica- 
tion above  quoted  apiieared. 

}  Ibid.  p.  \2S. 
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chmp.iL  by  Sir  Humpliry  Davy,  who  thus  revived  the  original  opinvm 
of  Scheele,  the  discoverer  of  chlorine  gas. 
Properties.  Muriotic  octdj  Called  hydrochloric  acid  by  Gay-Lussac,  ii 
a  gaseous  body,  invisible  and  elastic  like  common  air,  and 
having  a  peculiar  smell  and  a  very  sour  taste.  ^Water  absorin 
it  with  great  avidity,  so  that  it  can  be  preserved  only  over 
mercury.  No  combustible  body  will  bum  in  it:  and  it 
destroys  life  instantly  when  an  attempt  is  made  to  breathe  it 
Indeed  it  cainiot  be  drawn  into  the  lungs ;  the  glottis  being 
spasmodically  shut  whenever  it  comes  in  contact  with  this  gK 

Its  specific  gravity  is  the  mean  of  that  of  chlorine  and 
hydrogen,  or  1'2847.* 

As  muriatic  acid  gas  consists  of  a  combination  of  eqml 
volumes  of  hydrogen  gas  and  chlorine  gas,  it  is  obvious  duit 
the  specific  gravity  of  those  gases  exhibits  the  weig^ht  of  eaek 
which  enters  hito  the  composition  of  the  acid.  It  is,  therefixe^ 
composed  of 
compoiitioii.  Hydrogen  0*0694  or    1  or  0*125 

Chlorine    2-5000       36       4-5 
But  we  have  seen  already,  that  an  atom  of  hydro^n  weigb 
0*125,  and  an  atom  of  chlorine  4*5.     Muriatic  acid,  therefiiR^ 
is  a  compound  of  one  atom  of  each  constituent,  and  its  atomic 
weight  is  4*625. 

Davy  ascertained  that  a  mixture  of  cldorine  and  hydrogn 
gases  burns  at  a  much  lower  temperature,  and  produces  a  greater 
degree  of  heat  during  the  combustion,  than  oxygen  and  hydro- 
gen gases.  These  last  gases  ceased  to  explode  when  rarefied 
18  times.  But  the  mLxture  of  chlorine  and  hydrogen  is  sdl 
combustible  when  rarefied  24  times. 

When  this  mixture  is  fired  by  electricity,  the  flame  is  laige 
and  white. 

Muriatic  acid  is  so  important  a  substance,  that  its  properties 
deserve  to  be  detmled  at  greater  length  than  would  suit  «• 
early  a  part  of  this  work.  I  shall,  therefore,  delay  tlie  aGcmut 
of  it  till  I  have  finished  the  history  of  the  simple  substances. 

So  far  as  we  know  at  present,  chlorine  and  hydrogen  com- 
bine only  in  one  proportion. 
Hydrogen  3.  The  Combination  of  hydrogen  with  bromuie,    is  callfid 

unites  to  broL 

*  A  set  of  experiments  made  in  my  laboratory  gave  the  specific  ffvAj 
of  muriatic  acid  gas  1*2843,  \ihicli  almost  coincides  with  the  number  in  tbc 
text. 


HYDHOGEK, 
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hjdrtAiromic  acid.     We  are  iiHlebted  to  M.  Bulard^  for  aU  the 

knowledge  of  litis  compound  wLicli  we  at  present  possess* 

It  may  be  obUiiiKMi  hy  mixing  witli  sulphuric  acid,  the 
cubic  crystals,  produced  in  M*  Balard's  process  for  obtaining 
bromine,  and  fonnerly  mentioned,*  and  heating  the  mixture  in  a 
email  retort,  the  beak  of  which  is  phniged  unck^r  mercury*  A 
gas  comes  over,  which  is  hydrobromic  acid.  But  when  obtained 
in  this  manner,  it  Ls  not  quite  pure,  beiii^  usually  mixed  with 
some  suljiliurous  acid,  anti  frequently  with  muriatic  acid.  The 
best  metho<t  of  obtainiu)^  it  is  to  moisten  the  compound  of 
bromine  and  phosphorus  (bromide  of  phos^phonLi)  with  water  in 
a  small  retort,  and  to  expose  it  to  the  heat  of  a  lamp,  wtnle 
the  beak  of  the  retort  is  plun|5;ed  under  mercury.  Hydro- 
bromic acid  gas  comes  over  in  abuuthnice.f 

Hydrobromic  acid  is  a  colourless  ^tis,  liavino^  an  acid  taste, 
and  smoking  when  mixed  with  atmo.splierical  air*  It  is  not 
altered  when  left  stimding  over  mercur}';  but  water  absorbs  it 
in  abundance,  and  when  satnnite<l  with  it,  constitutes  liquid 
hydrobromic  acid.  When  tin  h  heated  in  thisgasit  coml>ir*es 
with  the  bromine  of  the  acid,  and  leaves  the  hydrogen.  PotiLs- 
sium  produces  the  same  decomposition  at  the  common  tempe- 
rature of  the  atmosphere.  When  100  volumes  of  the  gas  are 
thus  decomposed,  the  residual  hydrogen  gas  amounts  to  precisely 
50  volumes.  From  this  it  follows,  that  hydrobromic  acid,  like 
muriatic  acid,  is  a  compoimd  of  equal  volumes  of  bromine 
vapour  and  hydrogen  gas  united  together,  -without  any  altera- 
tion in  bulk. 

When  chlorine  gas  is  mixed  with  hydrobromic  acid,  the 
bromine  is  immediately  precipitated  in  drops,  and  muriatic 
acid  formed,  equal  in  volume  to  tliat  of  the  original  gas.  But 
it  i*5  not  decomposed  by  oxygen  nor  imline  even  at  a  red  heat. 
Neither  is  bromine  capable  of  decomposing  water  when  the 
mixed  vapours  of  the  two  liquids  are  parsed  through  an  ignited 
porcelain  tube. 

There  can  be  no  doubt  from  the  analogy  of  chlorine  and 
iiMline,  that  a  volume  of  bromine  vapour  represents  an  atom. 
Hydrobromic  acid  then  must  be  a  compound  of  I  atom  bromine 
and  I  atom  hydrogen.  Hence  its  atomic  weight  must  be 
10*1*25.  I  liave  shown  elsewhere  that  its  specific  gravity  will 
be  obtained  by  multipljdng  its  atomic  weight  by  0-27  77,  or  jth 


Formlnit  by* 

drobnoniiic 

acid. 


J 


Propittlch 


•  See  page  71  of  tbis  volume- 

f  Ann.  de  Chim.  et  de  Phys.  xxxii.  347. 
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<^?-  II-    the  specific  gravity  of  oxygen  gas.*     Hence  the  specific  g^Tity 
of  hydrobromic  acid  gas  ought  to  be  2*8125. 
i^^riodic  4.  Hydrogen  and  iodine,  when  united  together,  constitate  a 

gaseous  substance,  distuiguished  by  the  name  of  hj^driodic  acid. 
It  seems  to  have  been  first  discovered  by  M.  Clement;  but  ill 
nature  and  properties  were  first  investigated  by  Davyf  and 
Gay-Lus8ac4 

It  may  be  obtained  by  mixing  together  four  parts  of  iodiM 
and  one  part  of  phosphorus,  moistening  the  compound  witk 
water  and  heating  it  in  a  small  retort  A  gas  comes  onr 
which  must  be  received  over  mercury.  This  gas  is  hydriodie 
acid, 
propertia.  It  is  colourless  and  elastic  like  common  air.  It  has  a  smd 
similar  to  that  of  muriatic  acid,  and  a  very  acid  taste. 

Wlien  this  acid  is  left  in  contact  with  mercury  it  is  decom- 
posed, the  mercury  combines  with  the  iodine  and  forms  u 
iodide,  while  a  quantity  of  hydrogen  gas  is  disenga^d  exactly 
equal  to  half  the  bulk  of  the  hydriodie  acid  gas.  It  ii 
decomposed  likewise  by  chlorine,  muriatic  acid  is  formed,  and 
the  iodine  is  deposited.  These  experiments  leave  no  dook 
about  its  composition.  It  consists  of  one  volume  of  vapour  of 
iodine  united  to  one  volume  of  hydrogen  gas,  without  wsf 
change  of  bulk.  Hence  it  is  composed  by  weight  of 
compcitioo.  Iodine         .     .     S'75         .     or     .     15-75 

Hydrogen        .     0-0694     .  .       0*125 

We  see  from  this  that  it  is  composed  of  an  atom  of  iodiw 
united  to  an  atom  of  hydrogen.  And  its  atomic  weight  BUMt 
be  15-875. 

Its  s])ecific  gravity  should  be  obtained  by  multiplying  is 
atomic  weight  by  0-2777.     This  gives  4.40972  for  the  spedfe 
gravity  of  this  gas,  a  nimiber  not  differing  so  much  as  one  per  I 
cent,  from  4-44^3,  the  specific  gravity  of  this  gas  determined 
by  Gay-Lussac  by  actual  experiment.§ 

Water  absorbs  this  acid  with  avidity.  When  exposed  to  i 
heat  below  262°,  the  water  is  driven  off  and  the  acid  becomes 
concentrated.  In  this  way  its  specific  gravity  may  be  increased 
to  1-7.  At  262**  the  acid  boils  and  may  be  distilled  over.  It 
readily  dissolves  iodine,  and  becomes  of  a  darker  colour,  ft 
becomes  dark  coloured  also  by  exposure  to  the  air,  beiiigr  psitk 
decomposed. 

♦  See  First  Principles  of  Chemistry,  i.  246. 

t  Phil.  Trans.  1814,  p.  74.  %  Ann.  de  China,  xci.  9. 

§  Ann.  de  Chim.  xci.  16. 
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5.  It  is  at  present  geiiemlly  admitted  by  chembts,  that /^ijtaric     *•«*•  '• 


ncitl  h  a  com  pound  of  fluorine  and  htftirogen  ;  thou^li  liitherto  Hvdr«iim>rur 
it  has  lM?eii  impossible  to  decompose  it,  or  to  obtain  the  fluorine  **''*^ 
in  a  separate  $tate, 

tScheele  first  made  this  acid  knowTi,  but  he  did  not  obtain  it 
in  a  state  of  purity.  For  tlie  first  process,  tVir  procuring  this 
acid  pure,  we  are  indebted  to  Mr.  Knight.*  But  it  ia  to 
Gay-Lussac  aiid  Thetiard  that  we  are  indebted  for  tlie  first 
examination  of  its  [*roperties*f 

It  is  obtiiined  by  putting  a  mLxtiire  of  pure  fluor  spar  and 
sidphnric  acid  into  a  retort  of  lead  or  silver,  antl  distilting 
into  a  leatlen  or  silver  recei%'er.  It  is  a  colourless  liquid^  of 
the  specific  gravity  1-0609,  It  smokes  strongly  when  exposed 
to  the  air.  It  acts  with  prodigious  energy  upon  the  skin. 
The  smallest  sjT€»ck  occasionuig  sores*  If  we  eonchide  from  the 
anidog)'  of  tlie  either  h)  tlracids  that  fluoric  acid  is  a  com|M3und  of 
1  at4>m  fluorine  .  .  *2*25 
I  atom  hydrogen     .     .     0'125 


2%375 
its  atomic  weight  will  be  2*375. 

I  reserve  a  more  detailed  account  of  this  important  acid,  to 
a  subsequent  part  of  this  work. 


Such  axe  the  compounditi  which  hydrogen  formii  iivith  the 
supporters^  so  far  as  the  subject  has  been  investigated.  No 
attempts  have  been  made  to  unite  it  witli  a  greater  quantity  of 
chlorine,  bromine,  iodine,  or  fluorine,  than  exist  in  the  respec- 
tive hydracids,  which  Imve  beeu  just  noticed.  There  is  little 
doubt  from  the  juiah>gy  of  the  deutoxide  of  hydrogen,  that  tliey 
might  all  be  made  to  unite  with  it  in  a  greater  proportion. 

The  order  in  winch  these  compounds  of  hydrogen  and  sup* 
porters  are  decomposed  by  tlie  supporters,  may  be  represented 

tLH  follows, 

Hildrogni  Oxygen 

Fluorine  Bromine 

Chlorine  Iodine. 

That  is  to  say,  that  hydriodic  acid  is  decom|H>sed  by  all  the 

supporters  except  iodine  ;  hydrobromic  acid  is  decomposed  by 

chlorine  and  oxygen,  but  not  by  iodine :  water  is  decomposed 

•  Phil,  Mag*  (1st  eeries)  xrii.  337. 
t  Hfichercii^  Phj-sico-Chimique,  ii.  % 
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cbiip.  It    by  clilorine,  at  least  when  assisted  by  lig^bt ;  but  not  by  bnn 
"  mine  nor  iodine.     As  to  flQoric  acid  it  is  not  decomposed  by 

any  of  the  supporters,  even  when  assisted  by  beat.  Notwitt 
standing  this  order  of  decomposition,  it  is  pretty  obvious,  tint 
oxygen  {at  least  at  common  temperatures)  is  more  negatiifi 
than  chlorine*  I  endeavonred  in  a  preceding  part  of  tliis  woA 
to  account  for  the  apparent  anomaly  in  the  action  of  chlorine 
on  water,  and  need  not  therefore  resume  the  subject  here,* 


IMfciwery. 


SECTION  II. — OF  AZOTE. 

TliLS  gas,  which  constitutes  so  great  a  portion  of  commni 
air,  was  first  recognised  ani  a  peculiar  gubstance  in  1 77^  hf 
Dr.  Rutherford,  afterwards  Professor  of  Botany  in  the  Uni- 
versity of  Edinburghpf  Scheele,  in  hi.s  treatise  On  Air  ad 
Fire^  published  in  1777,  showed  amdyticaliy  that  air  ^  i 
mixture  of  oxygen  and  tizotic  gases4  But  Lavoisier  infoma 
us  that  he  recognised  the  existence  of  azote  in  air  as  early  li 
1773.11  And,  indeed,  in  bis  Essays,  published  in  1773,  tbew 
is  a  chapter  on  the  properties  of  air  in  which  phosphorus  bM 
been  burnt*  But  how  he  could  recognise  the  constitution  of 
air  before  the  discovery  of  oxygen,  it  is  not  easy  to  understand 

Azotic  gas  being  one  of  the  constituents  of  comnnon  air,  ii 
easily  procured  from  it  by  different  processes.  1,  If  we  lean 
a  stick  of  phosjihorus  in  a  jar  of  air  inverted  over  water  at 
mercury  till  it  ceases  to  smoke,  (which  in  summer  will  be  tb 
case  in  24  hours,)  the  gas  remaiinng  in  the  jar,  after  h&Tilf 
been  w^ashed  w^ith  water  is  azotic  gas,  2,  If  we  mix  IW 
volumes  of  common  air  and  42  volumes  of  hydrog'en  ^as,  aJ 
pass  an  electrical  spark  through  the  mixture,  or  put  into  it  i 
platinum  clay  ball,  combustion  titken  place  and  the  resddail 
giis  is  azote  very  nearly  pure,     8.  If  we  mix  in  a   wide  jm 


•  See  Intro d  11  ctioti,  p.  40^  &:c. 

f  See  hh  thesis  De  Acre  Mepliitico,  published  fn  1 772. — "  Sed  aer  s^ 
bria  et  purus  respirattone  animali  non  modo  ex  parte  fit  fnephiticua,  sedll 
aliam  indoiU  iu<s  mutalioncm  inde  patUur,  Postqyam  cnim  omtiis  aer  Bfr 
phiticus  {tarbonic  acid  f^a*)  ex  cd,  ope  lixini  caustici  secretus  et  abdudni 
fuerit,  qui  iamen  reslat  nuJlo  mado  salubrior  inde  evadit;  nam  qusmni 
miUam  ex  aqua  calcis  pmecipitationem  faciat  haud  thiiius  quatn  anlai^ 
Jiammtim  rt  vitam  ejpthiguii^**  pa^e  1 7,  When  Hauxbee  passed  air  throng 
rcd'hot  metalHc  tubes,  he  must  have  obtained  cbij;  gas ;  but  at  that  time  it 
difference  between  gases  was  ascribed  to  fumes  held  in  solution.  Set 
Phil.  Trans.  Abr.  v.  613. 

f  English  Translation,  p.  7. 

II  See  his  remarks  on  Scheele's  work«,  Mem*  Far.  1781,  p.  397. 


AZOTE. 


fEtandiiig^  ifuerted  over  water,  100  cubic  inches  of  eominon  hit  ^^  ^^ 
with  8f>  cnhic  inches  af  deutoxiMe  of  azote,*  a  |^eat  dimbiu- 
tion  of  rohtme  takes  pkee,  red  fumes  appear  wliich  are  ab- 
ioriieil  by  the  water,  ruid  about  80  cubic  inches  of  a  ju^s  remains 
wUdb  is  azote,  nearly  in  a  state  of  purity.  4,  If  a  smalt 
taliiilated  retort  be  filled  with  chloride  of  lime  or  bleaching 
{NNrder,  biroi^lit  into  the  consistency  of  cream  by  wiiter,  and 
©f  sal  ammoniac  be  put  into  the  retort  tbrougli  the 
pretty  ??itrong  effervescence  takes  place,  and  azotic 
1  abundantly.  It  may  be  collected  over  wiiter 
ig  the  beak  of  the  retort  under  tlie  mouth  of  an 
mtrieA  jar  !ttanding  in  the  water  trough.  When  thus  pro- 
it  is  quite  pure;  provided  sufficient  care  be  taken  to 
all  common  air  from  the  inside  of  the  retort  containing 
mixtures  of  choride  of  lime  and  ^il  ammoniac* 
L  Az4.»tic  gas  possesses  the  mechanical  properties  of  common  Propertie*, 
m,  Uke  that  fluid  it  is  destitute  of  colunr,  taste,  and  smell. 
%  lis  specific  graWty  wa%  determined  by  Biot  and  Anigo  at 
MMlf  I  took  the  specific  gravity  of  a  portion  of  this  ga^, 
prefared  with  much  care,  to  ensure  its  purity,  and  obtained 
M780,  reckoning  the  specific  gravity  of  common  air  to  be 
mity*  I'  ^^"il^  appear  afterguards  from  the  facts  about  to  be 
mtrd  in  tliis  section,  that  the  atom  of  azote  weighs  I  '75.  Now, 
1-75  X  0%>555  =  0-07*22;  whicli  must  therefore  be  the  true 
ipccific  gra^nt^'  of  this  gas.  If  common  air  be  a  mLxture  of  80 
flhnies  <rf  azotic  gas  and  20  of  oxygen  ;  and  if  the  specific  gra- 
fitjr  of  oxygen  gas  be  1*1111,  then  that  of  azotic  gas  mast  be 


MT^.   For 


I 


20  X  Mill  +Si}x 
100 


—  I  and  X  =  0-9722.     From 


diese  circumstances  there  cannot  be  the  least  doubt  that 
tme  specific  gravity  of  this  gas  is  0-9722. 

SL  It  refracts  ligiit  rather  more  powerfully  than  air.  If  we 
riduNi  the  refracting  power  of  air  1,  then  that  of  azotic  gtis 
will  be  1*020,  as  determmed  by  l)ulong4 

4*  It  cannot  be  breathed  by  animals  without  suffocation. 
If  oblig^  to  breathe  It  they  die  very  soon,  precisely  as  tliey 
vouM  do  if  phmged  under  water.  Hence  the  term  az(^e 
girea  to  tliis  substJuice  by  the  French  chemists,  wliich  signifies 
^4i«micdveoflife.ni 


•A 

t 
t 
I. 


to  be  described  in  a  subsequent  part  of  this  section. 
de  rinstit.  1800,  p.  320. 
de  Chhn.  et  de  Phys.  xxxu  166.        |j  From  a  and  ^wf. 
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rompouncU 
with  oxjgea. 


No  combustible  will  burn  in  it.  Hence  the  reason  tliat  a 
caiidio  confined  in  a  given  portion  of  air  goes  out  as  »oon  ae 
the  oxygen  surrounding  it  is  consnmed. 

5.  This  gm  LS  not  sensibly  absorbed  by  water ;  nor  iudeed 
are  we  aeqnainted  with  any  litjuid  which  has  the  property  rf 
condensing  it.  Dr,  Henry  iiscertained,  tliat  when  water 
pre\dousIy  deprived  of  all  tlie  air  which  it  contains,  lOOindl 
of  it  are  capable  of  absorbing  only  1*47  inches  of  azotic  gM 
at  the  temperature  of  60****  AccorcUng  to  Mr.  Dalton,  tbt 
quantity  of  aj^ote  which  100  cubic  mchea  of  water  take  up  h 
2,1  eidjic  inches,f  But  he  drew  this  conclusion  from  theorelt 
cal  considerations,  the  justice  of  which  is  rather  probler 

6*  No  degree  of  pressure  and  cold  hitherto  applied  has 
able  to  condense  this  gas  into  a  liquid  state*    It  is  certam  i 
a  pressure  of  1000  atmospheres  is  not  sufficient  for  thia  | 
pose, 

IL  Azote  has  doubtless  the  property  of  uniting  with  all  tilt 
supporters  of  combustion ;  though  chemists  have  not  yet  hemj 
able  to  investigate  all  of  these  coml>inations  in  a  satisfiicti 
manner.    The  foUo^dug  facts,  however,  ha\'e  been  ascei 

L  With   oxygen  it  unites  in  no  fewer  than  five  differ 
proportionSj  constituting  the  five  following  compounds, 
L  Protoxide  of  azote, 
2*  Deutoxide  of  azote, 

3.  Hyponitrous  acid, 

4.  Nitrous  acid, 

5.  Nitric  acid. 
The  last  of  these  compounds  exists  in  saltpetre^  which  isal 
composed  of  nitric  acitl  and  potash.     This  salt  forms 
neously  in  the  soil  of  different  countries.     The  presence  i 
animal   matters  and  of  lime  have  been  found  to   promote! 
formation.     It  is  obtained  in  different  parts  of  tlie  world  I 
lixiviating  the  mil  and  ei'aporating  the  lixivium  to 
or  till  crystals  are  deposited,     Tliese  crystals  are  after 
purified  by  a  second  crystallization. 

When  12' 75  [jarts  of  pure  saltpetre,  previously  rendei^l 
dry  a-s  possible  by  exposure  for  some  hours  to  a  heat  abort! 
212°,  are  mixed  in  a  retort  with  6-125  parts  of  snlphuriciu^  I 
of  the  specific  gravity  1*837;  and  heat  applied  by  putting  d» 
belly  of  the  retort  into  a  sand  bath  placed  on  a  furnace,  a  rrt 

*  Phil  Trans.  J  603,  p.  274. 

f  Annals  of  Philosophy^  vii.  219.     Saussure  makes  the   qtmiititT  * 
cubic  inches  (Ann.  of  Pfjilos.  vi,  340),  but  he  seems  to  have  ovemtd  *^ 
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fuming  liquid  passes  into  the  receiver,  which  is  nitric  acid,  **«*  "• 
The  retort  should  have  an  adopter  luted  to  it,  aiul  the  receiver 
should  be  kept  cool,  either  hy  beins^  surrounded  by  a  mixture 
of  Huow  and  salt,  or  at  least  l»y  being  kept  always  wet  with  a 
curreut  of  cold  water  con^Uiotly  renewed.  When  the  propor- 
tions of  Hidtpetre  and  sulphuric  acid  mentioned  above  are 
employed,  and  the  distillation  properly  conducted,  the  nitric 
acid  obtained  is  m  strong  as  possible  ;  though  from  the  high 
temperature  requisite  to  distil  it  orer^  a  portion  of  it  is  always 
decomposed  Jind  destroyed  during  the  process.  The  conse- 
quence of  this  decomposition,  is  the  evolution  of  oxygen  gas 
{mixed  with  azotic  gas),  towards  the  end  of  the  process,  in 
considerable  quantity. 

Nitric  acid  tljus  obtained  is  a  yellowisli  red  liquid,  which  Niiricicid. 
has  a  peculiar  smelly  and  smokes  w^hen  placed  in  contact  witli 
atmospheric  air.  When  heated  a  gaseous  matter  is  driven  off, 
and  it  becomes  colourless  like  water.  I  Imve  never  myself 
by  this  process  obtained  nitric  acid  of  a  higher  specific  gravity 
than  1*534*  But  it  is  said  to  have  been  obtdned  as  high  as 
1-55.  Its  taste  is  intensely  sour.  When  applied  to  any  part 
of  the  body  it  acta  m  an  escharotic  and  speedily  produces  a 
sore  by  destroying  the  texture  of  the  part.  It  is  one  of  the 
most  powerful  and  most  usefid  of  all  the  acids. 

Nitric  acid  combines  readily  wnth  potash  and  converts  it 
into  nitrate  of  potasli  or  saltpetre ;  the  salt  from  which  it  ^^ns 
originally  obtained.  Saltpetre  is  a  white  salt,  which  crystal* 
lizes  in  six  sided  prisms,  has  a  cooling  and  saline  taste,  and 
prijduces  no  alteration  in  vegetfible  bhie  colours.  It  is  there- 
fore neutr;d,  and  composed  of  an  integrant  particle  of  nitric 
acid  united  to  an  integrant  particle  of  potasli.  Now,  1  find 
that  if  we  take  a  quantity  of  carbonate  of  potash,  containing 
exactly  6  parts  of  potasli,  and  saturating  it  wiili  nitric  acid, 
evaporate  the  whole  to  dryness  in  a  platinum  crucible,  the 
nitrate  of  potash  formed  will  weigli  precisely  12'75  parts. 
From  tlii^  it  follows  that  saltpetre  is  composed  of 
Potash  ...  6 
Nitric  acid  .         .         6'75 


12*75 


So  that,  if  the  atom  of  potash  be  6,  that  of  nitric  acid  will  be 
6-75. 

When  nitrate  of  potiisli  is  exposed  to  a  red  heat,  the  nitric 
acid   is  decomposed  and   converted  into  oxygen  and  azotic 
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gases ;  sliowliif^  tliat  this  aciil  is  a  compound  of  oxygen  and 
azote.  The  proportions  of  these  two  constituents  \%*ill  appear 
afterwards.  The  true  component  parts  of  nitric  acid  were 
discovered  hy  Mr.  Cavendish,  ant  I  eummnnicated  by  him  to 
the  Royal  Society  on  the  *2i\  of  June,  1785.  He  formed 
nitric  aeiil  by  causing  a  mixture  of  oxygen  and  azotic  gase§ 
to  unite  by  paasing  electric  sparks  tlirongh  it,  placed  in  a 
gkiss  tube  standing  over  merenry,  and  containing  an  aqueous 
solution  of  potash,  which  wns  found  to  facilitate  the  formatioii 
of  t!ie  aciiL  Tlie  result  of  his  experiment  mus,  that  nitric 
acid  i!*  a  compound  of  1  volume  axotie  gas  and  2  volume 
oxygen  gas,  W^e  shall  see  bnmediately  that  the  true  coiiip<»ii- 
tion  is  1  volume  of  azotic  gas  and  2*5  volumes  of  oxygen  g». 
(K)  If  %ve  saturate  nitric  acid  with  £mimonia  or  carbonate! 
imimoniii,  and  evaporate  the  sohition,  we  obtain  a  fibro 
white  and  deliquescing  salt  called  nitrate  of  ammonm.  If  nt 
put  this  salt  into  a  small  retort,  the  beiik  of  which  is  plungd 
into  the  water  or  mercurial  trough,  and  raise  the  temperature 
of  the  salt  by  means  of  a  spirit  lamp  to  about  the  temperature 
of  400*^,  it  melts  and  froths  strongly,  giving  out  a  colourlf* 
gas,  wluch  sliouhl  be  received  into  glass  bottles  furnished  witk 
air-tiglu  stoppers. 

This  gfis  was  originally  discovered  by  Dr*  Priestleyl 
the  year  1776,  and  called  by  him  dephhgistieitied  nitrous  c 
The  associated  Dutch  chemists  examined  it  in  1793*, 
showed  it  to  be  a  compound  of  azote  and  oxygen.f  But  1 
full  investigation  of  its  properties  we  are  indebted  to  Sir  tt 
Davy,  who  published  an  exceLlent  set  of  experiments  on  it  in 
the  year  1 8004     He  gave  it  the  name  (»f  nitrous  oxide. 

This  gas  Is  colourless  and  invisible  like  common  air*  h 
hits  a  sweetish  taste.  Its  specific  gravity,  determined  witb  » 
much  care  as  1  could  l>estow  upon  it,  turned  out  In  tliw 
successive  trials  to  be  1'5!269,  But  it  was  not  in  all  nrob- 
bility  quite  free  from  all  admixture  of  cotnmon  air.  Ga — 
Lussac  first  showed  by  decisive  evidence  that  it  is  a  eompou 
of  1  volume  of  azotic  gas  and  half  a  volume  of  oxygen  g» 
coodensed  into  one  volume.  Hence  we  must  obtain  the  Irtf 
specific  gravity  of  this  gas  l>y  adding  together  the  6t>edfc 
grarity  of  azotic  gas  and  half  the  specific  gravitj 


oxyga 


gas 


*  Priesitley  on  Air»  il  54,  f  Jour,  de  Phys,  xUL  3f3, 

I  lietcarchen^  cHiefltf  concerning  tiHrmtx  vjtide. 
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0'97t>2 

J  sp.  gr.  uf  oxygen  gus 

0*5555 
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1-5277  ==  true  speci- 
fic gravity  of  protoxulo  of  iizote. 

Water  ahsorl)!*  ahout  ^tks  of  its  vohiine  of  this  ga.s.  Accord- 
ing tt>  the  experiments  of  Saussure,  100  volumes  of  water 
abs(»rl>  7(i  volumes  of  protoxide  of  azote;  antl  100  volanies  of 
alcohol  of  the  specific  gravity  U*84  absorl*  1513  volumes.* 

According  to  tlie  experimentn  of  Dulong,  if  we  reckon  the 
refracting  power  of  common  air  1,  that  of  protoxide  of  azote 
will  be  l*7!0.f 

It  is  capfthle  of  supporting  cinnlnij^tion,  antl  bodies  burn  in 
it  almost  as  brilliantly  m  tliey  do  in  oxygen  gits.  But  there 
are  two  remarkable  differences  between  the  combustion  o( 
bodies  in  tliese  two  gases.  No  substance  biu*ns  in  protoxide 
of  azote  till  it  has  been  heated  to  whiteness.  You  may  touch 
pho*>«phorus  with  a  red  hot  wire,  yon  may  even  sublime  it  in 
this  gas  without  any  tendency  to  combastion.  But  the  moment 
yon  touch  it  with  a  white  hot  wire  it  catches  fire  and  burns 
with  great  brilliancy.  If  you  set  fire  to  sulphur  and  phmge  it 
into  this  gas,  it  is  immediately  extinguished.  But  if  yon  heat 
a  wire  to  whiteness  and  touch  the  sulphur  with  it,  the  sulphur 
immediately  takes  fire,  and  l>urns  w^ith  a  fine  rose-coloured 
flame*  *2.  The  second  circumstance  which  distinguishes  the 
combustion  of  bodies  in  this  gas,  is  the  shortness  of  the  time 
that  they  continue  to  burn.  If  you  set  fire  to  a  piece  of  cotton 
attached  to  an  iron  wire,  mid  plunge  it  into  tliis  gas,  the  iron 
wire  catc!»es  fire,  and  begins  to  burn  with  as  much  splendour  as 
it  would  do  in  oxygen  gas.  But  this  combustion  docs  not 
eontirna^,  for  in  an  instant  or  two  the  wire  is  oxtiuguished. 

Dr.  Priestley  and  the  Dutch  chemists  had  concluded  that 
this  gas  cannot  be  breathed;  but  Davy  ascertained  that  it 
could  l>e  breathed  for  several  minutes  w^itliout  tmy  bad  effects* 
The  feelings  produced  by  breatliing  it  bear  a  strnug  resem- 
blance to  iiitoxiciition ;  but  they  are  not  followed  by  that 
languor  and  debility  which  is  a  constant  attendant  of  intoxica- 
tion. It  ciunujt  be  breathed  longer  than  about  four  minutes, 
without  the  loss  of  voluntary  motion  altogether.  When 
animals  are  confiru^d  in  it,  they  give  no  signs  of  uneasirH'ss  for 


•  Antiiila  or  Philosophy,  vi.  340. 

t  Ann,  d€  Chim.  et  dc  Phys,  xxxi.  166. 
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Chap.  iL  some  moments ;  but  they  soon  become  restless,  and  if  not 
removed  in  a  very  few  minuter,  die  altogether.  Hence  we 
see,  that  tlioiigli  tlii^  gas  be  respirable,  it  is  much  less  so  tbaB 
common  air  or  oxygen  gas,* 

Tills  gas  iH  not  altered  by  exposure  to  light  nor  to  any  heal 
below  ignition;  but  when  made  to  pass  through  a  red  hot 
porcelaui  tube,  or  wheu  electric  sparks  are  passed  through  it, 
decomposition  takes  place  and  nitric  acid  is  formed--}- 

It  h  one  of  tlie  gases  which  Mr.  Fara^lay  succeeded  in 
reducing  to  a  liquid  state  by  pressure;  as  might  have  beat 
anticipated  from  its  great  absorbability  by  water.  The  prei^ 
sure  recptisite,  wins  that  of  50  atmospheres,  at  the  temperature 
of  45°.  Liquid  protoxide  of  azote  is  transparent  and  colour 
less,  and  so  volatile,  tliat  the  warmth  of  the  hand  caused  il  t» 
disappear  in  vapour.  It  had  no  tendeucy  to  become  mHi^ 
though  cooled  down  to  —  10°4 
c^topMition,  When  protoxide  of  azote  is  mLxed  with  hydrogen  gas,  Bsai 
an  electric  spark  passed  through  the  mixture,  detonation  taktt 
place^  as  was  first  observed  by  Dr.  Priestley.§  The  Dutck 
chemists  ascertained,  that  when  the  two  gases  were  mixed  in 
the  requisite  proportions,  they  were  converted  completely  into 
water  and  azote. ||  The  most  accurate  experiments  ^^^ere  thofii 
of  Davy*  He  fomid  tlie  best  proportions  to  be  equal  voIuumi 
of  hytlrogen  and  protoxide  of  azote.  WTien  46  volumes  of  eack 
gas  were  mLxed  together,  the  residue  of  azote  gas,  after  ooo* 
bustion,  was  49  volumes,^!  I  found  tliat  when  100  voluoMI 
of  pure  hydrogen  gas  and  100  volumes  of  deutoxide  of  azot% 
both  m  dry  as  possible,  are  detonated  over  mercury,  lit 
azotic  gas  remaining  after  combustion,  (supposing  the  hai^ 
meter  at  30  inches,  and  the  tliermometer  at  60°)  amounti  tt 
101-77  volumes*  But  a  quantity  of  M-ater  has  been  deposited 
on  the  sides  of  the  eudiometer.  CouKequently,  the  azotic  gii 
is  saturated  with  moisture  at  60"*.  When  rendered  perfectly 
dry,  its  volume  will  be  reduced  to  100,**  It  is  evident  froo 
this  experiment,  as  well  as  from  those  of  Gay-Lussac,  Heurf* 
&c,  that  protoxide  of  azote  contanis  exactly  its  own  voliui* 

•  Davy's  Research esj  ]x  94-* 

+  Priestley  on  Air,  ii,  01.  and  Djivy*a  Researche8»  p.  27©- 
j    Phil.  Trans.  1623,  p,  195,  §   On  Air,  ii.  83. 

j{  Joyr.  de  Phjs.  xJiii.  331 »  1  Researches,  p.  288, 

♦»  Let  the  vokime  of  dry^  gas  be  jt,  let  p^  20  inches  and  /  ^  0*524.    1ft 

have  ^~  -  101'77.     Hence  j  =  100.   Sec  First  Principles  of 

try,!.  115. 
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of  azotic  ga«.  The  hytlrogeii  being  converted  into  water,  it 
is  obvious  tliat  the  otlier  constituent  must  be  oxygen.  And 
ii^  hydrogen  requires  half  its  volume  of  oxygen  t^j  convert 
it  into  water,  it  is  clear  that  a  volume  of  protoxide  of  azote  con- 
txiiiis  likewise  lialf  a  volume  of  oxygen  gas.  Thus  the  consti- 
tuents of  tliis  gas  are  obviously  1  volume  of  Jizotic  gas,  and  ^  a 
volume  of  oxygen  gas  nnitetl  together  and  condensed  into  1 
volume.  The  constituents  of  tlie  gas  by  weight  arc  obviously 
deterniiued  by  the  sjK'cific  gravity  of  the  two  gaseous  constitu- 
ents: viz. 

Azote        .         ,         0-9722  or  1-75 

Oxygen     .  •  D'55o5  or  1 

It  IS  ob\ious  from  this  that  the  atomic  weight  of  azote  is 
either  1*75,  or  at  least  a  multiple  or  submultiple  of  that  number. 
Charcoal  may  be  burnt  in  protoxide  of  azote  by  means  of  a 
burning-ghtss.  It  burns  with  considerable  brilliancy.  Davy 
found  that  when  charcoal  plunged  under  mercury,  in  a  state  of 
ignition,  was  introduced  into  S  cubic  inches  of  protoxide  of 
azote,  and  kindled  by  a  burning-glass,  it  burned  for  about  ten 
minutes.  The  volume  of  residual  gas  was  4*2  cubic  inches.* 
Caustic  potash  absorbed  1*15  cubic  inches  of  this  residue, 
which,  consequently^  w^as  carbonic  acid.  The  remainiiig  *J'05 
culde  inches  were  azotic  gas.f  This  experiment  shows  also 
tliat  protoxide  of  azote  contains  \ts  own  volume  of  azotic  gas. 
The  carbonic  «cid  evolved  should  have  been  1*5  cubic  inches* 
But  it  is  easy  to  account  for  the  deficiency,  from  the  well 
known  property  which  cliarcoal  has  of  absorbing  carbonic  acid. 
Pltosphorus,  phosphuretted  hydrogen,  sulphur,  and  sul- 
jdiurettetl  hydrogen,  were  also  burnt  in  protoxide  of  azote,  by 
8ir  ih  Davy,  hut  tlie  results  were  not  sufficiently  precise  to 
determine  tlie  constituents  with  accuracy. 

Protoxide  of  azote  is  probably  a  neutral  substance  ;  at  least 
w*e  have  no  evidence  that  it  possesses  either  acid  or  alkaline 
proj>erties.  For  it  will  not  combine  either  with  acids  or 
ii-ith  bases,  Davy,  indeed,  foimd  that  when  it  is  presented  to 
an  alkali  in  its  nascent  state,  a  combination  may  be  formed. 
He  mixed  together  sulphite  of  potasli  and  caustic  potash,  and 
placed  the  mixture  in  contact  with  deutoxide  of  azote. J     The 


BKca 


•  It  is  obviouB  that  a  little  of  the  carbomc  acid  gas,  generatecl.  Mould  be 
absorbed  by  the  chareoal. 
t  Researches,  p,  31 K 
I    This  gaa  will  be  described  in  a  subsequeni  part  of  this  section. 
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To  obtain  tJie  deutoxldo    f 
not  e«eed  the  ^peeifief^XTl.-'""'  '.^'  I" '"' '"'^ ^''""'^1     *^^- "■ 

tak^n  not  to  begin  to  collect  ir  »;  1    a""'    ■  *'"''''  *''«"'''  ''^ 

»'-  retort,  or  flS,  con^J  tl  1       7  '^  ^""™''  '"^^'"  '» 

H'ltl.  evcrj'  precaution  it  i,  H  ffi     . ..'  """""""^  ^"•-     Even 

from  all  aillxture  „7a"o^ct!r    /;  ^™'"^'^. "  ^^^-^'y  fr- 

"  i;--^os  t[.e  „K.chanical  ^^  ^~;  ""  ■'  "'  "^'•'•''  ""-«- 
t^te  or  smell,  is  not  easily  detem  n.i   I  "'"  "  ^'^  ^'X 

m^ed  «itJ.  air,  nitrou.  ar/J     7"  ''',  ''7."f<^  whenever  it^ 
««  t.^te  a..d  it.  peculiar  odour   «  tlH^'       f  ^^-^lo^tes 
r  '['^r'^^t  detennine  whe  I  er  or  .f?" .  •   "'  ''"  '''™^'  '-^- 
bi^athed.      Sir  R  Davy    i„   '    .7  T      ■''  '^''^"'^''^  «*'  ''^"'g 
attempt  to  breathe  it.  He  madll      T^ ''"/'""*'«^^'"'  made  an 
o'  -ote,  to  free  the  ha^l  tm  S^ 
"•01.  a.r.     He  then  attemplrt?        -^  ^J*^^-  *>«'«  com- 
l^'}  -"  the  mouth  JtXl  V.  r';r;  ^-!-"'^  of  azote. 
««^>«''ed  a  .sense  of  bun.  1^1  ,       t^'  '^'"^'S'^'^^*^--     U 
»P-m  of  the  epiglottis,  so,  If."  ^V    "  "  ""^  '"•'«'"""'  " 
of  uitrodudng  the  gas  intJ  Z   „n^   "  Tr^"*  thepo^.il.'lity 
«;o""no»  air  of  the  lung,  had  It    f  ?  "'"''""^  ^''^^  f''e 

^  Protoxide  of  a.ot'-e.     HCr",™,""''^-''^'  "'''"^^  ^y 
formed  m  the  m„..f,,,  uhich    forh.    /  ""''"'^^   "^'•"    «^ 

from  be  „g  .,^,.„  ,,;  i:'^^^*""^^ y,  prevented  the  ga« 

fi«"'ff  I»s  lungs  with  this  gas  thT'r  !  ^^f^  '*"^''mied  in 
proved  fatal.  Be.,.,,.,  as^  ^nt  ."1  ^'""'^  •^^^^''"'y  ^-vo 
«»r,  .utrous  acid  would  haveZ^  ^  ^T  '"  ''^^'"'''^'  ^""">'"n 
"»Jt  have  destroyed  the.r  te.tu"       ^''^  "  ''^  ^'^'^'  -'--h 

"•    ^''<'  raean  of  three  trials.  f«*,l  »       • 
f«^  gave  me  for  i,«  .necMe  „      .     "^'' *^^  ^'^ight  of  this 
WsachasdemonstratXwu'™";:  'WOSe.t     But  Gay 
of  oxygen  and  azotic  gases  unite     T    T'^  ""^  ^^1""'  ^oI"n4 
;at.on  of  density.!     £n"  letX''^';  "'''•'"'  ^">-  -■^''- 
t';e  mean  of  that  of  oxygen  and  i.v  I '  ^"'^J'  ""^^  ^^^ 

t  Mcia.  d'ArcucU,  n.  2I6.  ^  ^'"'  ^"""f'lcs,  p.  i  la 
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Chip.  iL    sulphite  absorbed  oxygen  froin  die  gas,  and  couverted  it  into 
protuxide,  aiifl  tbis  protoxide  bein^  in  contact  with   pota*ib  at 
itjs  formation,  eombiiu**l  with  it,  and  fonned  a  peculiar  sail,  Ift 
■  wliich  Diwy  gave  the  name  of  nifroxi  of  potasfi*      This  alH 

I  liad  no  rceogniisable  crystalline  form.    Its  taste  was.  caustic  nifl 

I  pungent.   It  rendered  vegetable  bines  green,  indicating'  that  tlfl 

I  potiLsh  liad  not  been  completely  saturated  with   protoxide  rf 

■^  azote.     With  charcoal,  when  heated,  it  bnrnt  with  slight  KCBh 

tillatioiis.       The  acids  placetl   iii  contact  witli    it   extricated 
protoxide  of  azote*     Heat  produced  the  same  evolution  of  gii; 
Davy  succeeded  in  combijiiiig  protoxide  of  azote  \intli  scdi^ 
but  not  yatXi  ammoni^i,  or  with  lime,  barytej^i,  or   strontian,  A 
the  earthy  bodies.*      These  experiments  would   lead  to  thf" 
conclusion  that  protoxide  of  tizote  possesses  acid  propertia^ 
But  notwitlisUnding  die  evolution  of  protoxide  of  azote  fron 
this  salt  by  heat,  I  am  tjtrongly  inclined  to  suspect  that  it  wH 
not  ibis  gas,  but  hyponitrousacid,  newly  formed  by  the  proce^| 
which  united  to  the  alkali.     The  subject  is  well  entitled  M 
fiu"ther  investigation,  ami  pronnses,  if  properly  prosccuiei  t^ 
throw  additional  light  on  the  nature  of  some  of  the   combiai^ 
tions  of  oxygen  and  azote-  ■ 

(2,)   When  nitric  acid  dilntcd  widi  water  is  put  iiitoasmi^ 
retort,  or  ihusk,  with  small  pieces  of  copper,  it  acts  with  con- 
siderable energy  on  tkit  metal.     Heat  is  evolved,  the  liquil 
ai^umes  a  blue  colour,  the  copper  is  oxydized  at  the   expcoN 
of  the  acidj  an  effervescence  takes  place,  and  a  gas  is  extrialrfv 
in  considerable  quaotity.     Tliis  gas  is  tkutoxide  qfazoie,^    fl 
It  was  accidentally  discovered  by  Dr.  Hales ;   l>ut  its  natmP 
and  properties  were  first  investigated  by  Dr.   Priestley,  wbtf 
gave  it  the  name  of  nitrous  air^  or  nifrons  (jas^  by  whicli  itwii 
long   known    to   chemists.     It   wns   afterwards    called  nitrk 
OJ^Me.     And  after  its  composition  was  accurately  determinei 
1  .substituted  the  term  detitoxide  of  azote  as  a  more  appronrilj 
denomination.     And  diis  uiune  is  now  pretty  generally  adoptflfl 
The  first  accunite  experiments  to  determine  its  eoiistitnticfl 
were  those  of  8ir  H.  Davy 4     Gay-Lnssac  fir^st  succeeded  fl 
giving  a  correct  view  of  the  proportions  of  its  constituents.} ^ 

♦  Research  es,  p,  254'. 

f  When  we  wish  to  procure  deutoxide  of  azote  quite  pure,  it  Is  better  to 
employ  mercury  than  copper.  Hnweier,  we  may  succeed  utmost  eqniDj 
well  N^ith  coppcTj  ])rovklt;d  \vc  use  acid  siiffidcTitly  dilute,  and  take  caret9 


prevent  any  uugraeunuion  of  temperature  during  the  solution  of  the  copper. 
\  Researches,  p.  Vt2*  §  Mem,  d'Arcucil^  ii.  207. 
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^To  obtain  die  deiitoxide  of  azote  pure,  the  nitric  acid  sliould 
exceed  the  §pecific  gravity  of  1*25.  And  care  8liuuld  be 
liketi  not  to  begin  to  collect  it  till  after  the  gaseous  matter  in 
ibe  retort,  or  fla»k,  containing  the  acid  and  copper,  has  become 
perfectly  transparent  and  colourless,  like  common  air.  Even 
mik  CTcry  precaution  it  is  difficult  to  procure  it  perfectly  free 
fnm  all  admixture  of  azotic  gas.  Its  properties  are  as  follows, 
1.  1 1  is  colourless  and  invisible  like  common  air,  of  which 
the  mechanical  properties.  Wliether  it  has  any 
cw  smell,  is  not  easily  determined,  because  whenever  it  is 
mixed  with  air,  nitrovs  acid  is  formed,  which  communicates 
in  taite  and  its  peculiar  odour  to  the  gas.  For  the  same  rea- 
cannot  determine  whether  or  not  it  is  capable  of  htnng 
Sir  H*  Da^y*  in  a  fit  of  enthusiasm,  made  an 
;  t4>  breathe  it.  He  made  sevend  inspirations  of  protoxide 
[asote,  to  free  the  lungs  as  completely  as  possible  from  com- 
i  air.  He  then  attempted  to  inspire  deutoxide  of  azote, 
in  the  moutli  astringent  and  highly  disagreoahle.  It 
sense  of  burning  in  the  tliroat,  an(l  produced  a 
i  of  the  epiglottis,  so  painful,  as  to  prevent  the  possibility 
lucing  the  gas  into  the  lungs.*  It  is  obvious  that  the 
air  of  the  lungs  liad  not  been  completely  re|>kced  by 
pniCoxide  of  azote.  Hence,  a  little  nitrous  acid  was 
in  the  mouth,  which,  fortunately,  pre\'ented  the  gas 
ring  ilrawn  into  the  huigs.  Had  Davy  succuetleil  in 
his  lungs  with  this  gas,  the  result  wouhl  eertidnly  have 
rwl  fataL  Because,  as  soon  as  he  began  to  breathe  common 
idtruus  acid  would  have  been  formed  in  the  hmgs,  wlucli 
,  have  destroyed  their  texture- 
The  mean  of  three  triids,  to  determine  the  weight  of  tiiis 
ga«9  gave  me  fur  its  specific  gravity  l"04096.f  But  Gay- 
T  iOTir  lias  demonstrated  that  it  is  composed  of  ecpial  volumes 
of  axjrgen  and  azotic  gases  united  togetlier,  without  any  alte- 
atMm  of  density4  Hence  the  true  specific  gravity  must  be 
dke  HMSan  of  that  of  oxygen  and  hydrogen  gases,  or  1'0416. 
ly  result,  which  is  about  x^^'gr^th  part  less  than  this,  was  pro- 
\\y  owing  to  the  gas  which  I  weighed  being  contiuninate<l 
Utile  azotic  gas,  derived  from  the  water  over  which  it 
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&  If  we  reckon  the  refractmg  power  of  var  1,  tlien  that  of 


•  Reseaox^hes,  p.  175* 
I  Mem.  d*Arcueil>  ii.  216. 


t  First  Principlesj  p.  U8. 
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I      ctiAp.  iL    deutoxide  of  azote,  according  to  the  experiments   of  Didoog, 
I  is  l-()3,* 

I  4.  This  gas,  when  pure,  produces  no  senBible    effect  OD 

■  vegetable  blues.     Nor  does  it  appear  to  possess  tlie  cliaimctoi 

^^M  of  eitlier  an  acid  or  an  alkali. 

^^H  5.  This  gm  Ls  not  sensibly  absorbed  by  water.      However, 

^^m  when  agitated  with  that  liquid  freed  from  air  by  boiling,  100 

^^^  volumes  of  the  water,  absorb  about  5  part^  of  the  ga9.f     Frott 

L this  small  absorbalnlity  it  is  plain,  that  this  gas  cannot  eaeaif 

^^^m  be  deprived  of  its  elasticity.     Accordingly,  it  has  resisted  all 

^^^  attempts  hitherto  made  to  condense  it  into  a   liquid,  by  tk 

L  iipplicution  of  cold  and  pressure. 

^^K  6,  When  this  gas  Ls  mixed  with  common  air,  or  oxygen  gas, 

^^"  or  any  gaseous  mixture,  of  which  oxygen  gas   is  one  of  ik 

I  eonstif uents,  red  fume.s  are  ]irodticed,  heat  is  evolved,  and  dn* 

vohune  of  the  gas  diminishes*  This  is  owing  to  the  immediati? 
combination  of  oxygen  and  deutoxide  of  azote  into  an  acii 
which  IS  absorbed  by  the  water.  If  the  oxygen  and  deutoxide 
of  azote  be  both  perfectly  pure,  and  mixed  in  the  reqiu»ie 
proportions,  they  disappear  completely,  being  totally  convi 
into  acid,  which  combines  with  the  water. 

This  very  remarkable  property  of  deutoxide  of  azote 
first  observed  by  Dr*  Priestley,  and  was  employed  bv  him 
determine  the  quantity  of  oxygen  in  air,  or  any  gaseous  mil- 
ture.     This  was  done  by  mixing  the  air  tuid  deutoxide  of 
in  certain  determinate  proportions,  in  a  tube  over  ii^ater, 
noting  the  diminution  of  volmne.     The  greater  the  dimimil 
*  the  better  the  air  was  considered  to  be,  or  the  fitter  for 
processes  of  respiration  and  combustion*     Hence  the  gradi 
Ridioroc<«rf.  tubc,  uscd  for  this  purpose,  was  called  a  eudiometer   (or  li 
surer  of  the  goodness  of  air),     Priestley's  original  endiome 
was  rendered  more  convenient  by  Fontana,  who  employ* 
narrow  gla.ss  tube»  shut  at  one  end,  and  divided  into  100  < 
parts.      Hence  tlie  ajiparatus  wm  known  among  chemists 
the  name  of  I'hntafta*s  etidiometer*     It  was  used  very  freely  1 

L chemists  and  physicians  to  determine  the  relative  g'oodnesse' I 
air  in  different  places,  and  great  diversity  was  observ^ed  in  ik 
goodness  of  t!ie  air  in  different  localities.     To  this  ^*asnscribai  j 
the  healthiness  or  unliealtliiness  of  imrticiilar  places,     TiU^ 
last  Mr.  Cavendish,  by  a  course  of  observations  continaed  I 


♦  Ann.  de  Chinu  cl  tie  Phys.  xxxi.  166, 
t  Henry;  Phil.  Trims.  J 803, p.  274. 
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r,  ikaired  tlmt  the  relative  proportions  of  oxygen  and 
I  are  always  the  same,  and  that  tlie.  apparent  differ*  ' 
oboenred,  were  oiling  to  the  oxygen  of  the  air,  and  the 
of  azote  uniting  in  different  proportions,  according 
H  die  mode  in  which  they  were  mixed,* 

Mr.  Dalton  was  the  first  person  who  attempted  to  account 
far  the  anomalies  which  present  tliemselves  when  we  mix 
dratoodde  of  azote  with  oxygen  gas  or  common  air.  He 
finmd  that  21  volumes  of  oxygen  gas  are  capable  of  uniting 
Yitfa  eitlier  36  volumes,  or  with  72  volumes  of  deutoxide  of 
ncne;  with  the  former  proportion  when  the  deutoxide  is  let  up 
le  oxygen  or  air  in  a  narrow  tube ;  with  the  latter  prripor- 
m*faeii  the  mixture  is  made  in  a  wide  vessehf  But  in  his 
Sew  SyBtem  of  Chemical  Philosophy,  lie  modijies  these  num- 
ksi  eomewkat^  and  asserts  that  100  volumes  of  oxygen  may 
k»  made  to  cximbinewith  130,  180,  and  860  volumes  of  deut- 
dttde  of  azote.^  Gay-Luiisac  states,  tliat  according  to  his 
eniCTUMientg  (allowing  for  inaccnnicies),  100  volumes  of  oxygen 
|ii  wmj  he  made  to  combine  with  200  or  400  volumes  of  deut- 
mim  of  aaM>te.§  I  have  made  many  experiments  to  determine 
I  pf0p<irrtioii9  in  which  oxygen  and  deutoxide  of  azote  com- 
The  result  is,  tliat  when  we  employ  a  tube  of  0-9  inch 
Pier,  and  let  up  deutoxide  of  azote  to  common  air  already 
iiliw  tube,  and  employ  no  agitation,  100  volumes  of  oxygen  gas 
mmtbm  rerj' nearly  with  200  volumes  of  deutoxide*  When  we 
tdeoioxide  of  azote  into  a  globular  vessel,  and  letup  common 
it,  bubble  by  bubble,  agitiiting  after  every  additiontd 
(as  was  practised  by  Mr.  Cavendish),  then  100  volumes 
ifnygeo  gaa  combine  witli  400  volumes  of  deutoxide.  ||  As 
aK  iniifniedtale  proportions  between  200  and  400^  may  com- 
VmB  with  100  of  oxygen  gas,  we  need  not  be  surprised  at  the 
freat  variation  in  experiments  made  in  this  way,  and  at  the 
little  confidence  wliidi  cim  be  put  in  the  analyi^is  of  gaseous 
by  means  of  deutoxide  of  azote.  Indeed,  so  little 
inetliod  be  depended  on,  that  I  have  abandoneil  it 
r,  excepting  as  far  as  it  serves  to  inrlicate  the  presence 
of  oxygen  gas,  in  a  gaseous  residue  under  examin- 

7,  Dr*  Priestley  made  the  fortmiate  observation  Umt  tliis 

•  Pba.  Tnmfi.  1783,  p.  107.      f  Phil.  Mag-  xxiiL  35L      t  Vol  ii  327. 

f  Asa.  de  Chini.  ct  de  Phys.  i.  SOI-. 

I   8ee  AdiibU  of  Philosophy  (second  series)^  i.  321* 
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^^^^^  ^^  gas  is  absorbed  by  water,  holding  in  solution  protosalplatf 
AbM»bedby  ^^  ""^^  ^^  green  vitriol,  as  it  is  also  called.  The  solutifli 
iJlJSl****^**^  assumes  a  dark  brown  colour,  and  becomes  opaque.  Wliei 
heated,  the  greater  part  of  the  gas  is  again  expelled  unaltered 
But  if  it  be  allowed  to  remain,  the  gas  is  gpradually  deoon- 
posed,  and  the  iron  peroxydized.  Davy  ascertained  tfaati 
saturated  solution  of  green  muriiate  of  iron  (or  protochlorideflf 
iron)  absorbs  this  gas  with  more  rapidity,  and  in  much  greitn 
quantity,  than  protosulphate  of  iron  does.  A  cubic  indi  i 
saturated  solution  of  protosulphate  of  iron  absorbs  12  ciiIk 
inches  of  this  gas;  while  the  same  quantity  of  protochloride  flf 
iron  absorbs  24  cubic  inches.*  The  protonitrate  of  iron  Ifltf- 
wise  absorbs  this  gas,  as  is  evident  from  the  dark  brown  ooknr 
of  iron,  dissolved  in  very  dilute  nitric  acid,  screened  from  tk 
action  of  the  atmosphere.  Davy  ascertained,  that  soludoo  d 
protosulphate  of  tin  absorbs  about  ^th  of  its  volume  of  Hk 
gas;  and  that  solutions  of  sulpliate  of  zinc,  and  of  moriitt 
of  zinc,  absorb  about  y^^  th  of  tlieir  volume  of  it.  AVliite  prusdtfe 
of  iron  absorbs  it  abundantly,  and  acquires  a  diocolate  Goloiir.t 

8.  Dr.  Priestley  found  diat  when  electric  sparks  are  nait 
to  pass  tlirougli  this  gas,  it  gradually  undergoes  decompootiia. 
and  is  converted  into  nitrous  acid  and  azotic  gas.^  Supponf 
the  decomposition  complete,  and  the  acid  in  contact  with  water* 
and  absorbed  by  it,  we  can  easily  see  that  the  residual  azodc 
gas  must  be  just  \il\  of  the  volimie  of  the  original  deutoiiie 
of  azote.  Gay-Lussac  ascertained,  that  when  strongly  hetid 
by  being  i)assed  through  an  ignited  porcelain  tube,  it  undeh 
goes  the  same  decomposition.§ 

9.  Dr.  Priestley  obser\'ed,  that  Romberg's  pyropkni 
takes  fire  of  its  own  accord  when  introduced  into  this  gas,  ail 
tliat  when  charcoal  in  combustion  is  introduced  into  it,tk 
combustion  continues  with  considerable  splendour.  Dwy 
observed,  that  phosphorus  previously  kindled  when  introdott' 
into  this  gas,  burns  with  great  splendour.  ||  When  mixed  wtt 
hydrogen  gas,  it  ciiuses  it  to  burn  with  a  green-coloured  flaae- 
But  these  two  gases,  in  what  proportion  soever  ihLxed,  do  n* 
detonate  by  the  electric  spark ;  though  tliey  are  decompoK^ 
by  spongy  platinum  at  the  common  temperature.^    A  mixtmc 

*  Researches,  p.  179.  f  Researches,  p.  189. 

t  On  Air,  ii.  22.  §  Ann.  de  Chiin.  et  de  Phys.  L  396. 

II  Researches,  p.  135.  1  Henry's  Chemistry,  i.  335. 
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jes  of  deiitoxide  of  azote^  ami  1  volume  of  iimmo- 
by  ail  electric  spark,  as  was  first  obsened  by  Dr, 
HTOry.^ 

From  Davy'^  ex|>eriments,  it  appears  tliat  wlieii  16  volimies 
rf  this  gas  are  decomposed  l>y  ebarcoaU  and  the  carbonic  acid 
tmned  removed  by  caustic  potash^  there  remain  8  vfilume*^  of 
»oliega&t  at  lea^t  very  nearly.  Gay-LiLssac  has  shown  i)y 
Tttf  c«m%nnc!ng  argumentu^  that  this  gas  is  composeil  of  crpial 
folttniefl  of  oxygen  and  azotic  ^ses,  united  without  any  alter- 
iriMl  of  Tolume,  This  coincides  with  tlie  result  of  Davy's 
«lMoai{Mmlion,  and  leaves  no  doubt  that  the  con.stituent&  by 
vright,  lire 

Oxygen       -         -  Mill  or  2 

Azotic  .  .  0-97'22  or  1  75; 
drtitoxide  of  azote  (snppasing  the  weig^ht  of  azote  the 
intains  twice  as  much  oxj^geii  as  protoxide  of  azote  doe?. 
If  was  obser^'ed  by  Dr»  Priestley,  that  when  moistened 
fiHii^  are  left  in  contact  with  dcutoxide  of  azote,  tlie 
of  the  gas  gratlually  diminishes,  ammonia  is  formed, 
gas  IS  at  last  converted  into  protoxide  of  azote.  At 
fame  time  the  iron  is  converted  into  protoxide,  Davy 
tLat  the  decomposition  of  the  deutoxide,  in  this  ciLse, 
tloirittg  fo  the  action  of  the  liycbogen  set  at  liberty  from  the 
vHiCf  by  the  oxydizement  of  the  iron.  But  the  theory  of  the 
fmttm  is  not  very  clear.  It  is  obvious  that  water  must  be 
brm&d  as  well  b»  ammonia,  otherwise  the  change  could  not 
idka  place*  12  volumes  of  dcutoxide  of  azote  thus  decomposed, 
left  fiire  volumes  of  protoxide  of  ascote,;]:  Were  we  to  consider 
tlic«e  fiitmbers  as  quite  accurate^  it  would  be  easy  to  exhibit  the 
fnximm  of  deeomposition.  Tliree  volumes  of  hydrogen  gas 
ffolfvd  from  the  water»  must  combine  with  one  volume  of 
isotie  gas  from  the  dcutoxide,  and  form  t2  volumes  of  ammo- 
■b;  wUI^)  at  tt*^  srmfie  time,  7  volumes  of  uascent  hydrogen 
faoi  the  same  source,  must  combine  with  0-5  vylumes  of 
contained  in  the  dcutoxide,  and  form  water.  For  12 
of  dcutoxide  of  azote  are  composed  of  6  azotic  +  6 
myyet*  gos*  From  which,  if  we  subtmct  1  \'olumc  of  azotic, 
mad  ^'5  volumes  of  oxygen  giLses,  there  will  remain  5  volumes 
Wotie  +  2*5  volumes  oxygen  gas;  wliich  united  together, 
wmld  constitute  5  volimies  of  protoxiiie  of  tizote.     Zinc  may 

•  PliiL  Tnins.  IftOO,  p.  U5.  f  Hcseardicd,  p.  126, 

t  Diivy's  liexcarchcf!,  p.  207. 
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ci»p-  iL    be  substituted  for  iron  in  this  decomposition  with  the  one 
result. 

It  was  ascertained  by  Austin  and  Kirwan,*  that  when  drj 
sulphuretted  hydrogen  gas  is  mixed  with  deutoxide  of  aiote^ 
mutual  decomposition  takes  place;  sulphur  is  deponto^ 
ammonia  formed,  and  if  the  gases  have  been  mixed  in  Ae 
requisite  proportions,  there  remains  at  last  nothing  but  i 
quantity  of  protoxide  of  azote.  Davy  ascertained  that  in  tb 
case  no  sulphurous  nor  sulphuric  acid  was  formed,  and  dil 
5  cubic  inches  of  deutoxide  left  a  residue  of  2-2  cubic  incki 
of  protoxide.t  If  these  numbers  were  correct,  it  would  fiDDor 
that  50  volumes  of  deutoxide,  in  order  to  be  completely  e» 
verted  into  protoxide,  should  be  mixed  with  37  volumes  of  dir 
sulphuretted  hydrogen  gas.  This  last  gas,  supposing*  the  nl- 
phur  deposited,  would  leave  37  volumes  of  hydrog^en.  Kk 
of  these  volumes  uniting  with  three  of  azotic,  would  fonC 
volumes  of  ammonia.  While  the  remaining  28  volumes  d 
hydrogen,  uniting  with  14  of  oxygen,  would  form  water. 

Fifty  volumes  of  deutoxide  of  azote,  consist  of  25  yofanMi 
azotic  +  25  volumes  oxygen  gases.  From  which,  if  wewilk' 
draw  3  volumes  azotic,  and  14  oxygen,  there  will  remunS! 
volumes  of  azotic,  and  11  volumes  of  oxygen  gases,  iriuA 
united  together,  will  constitute  22  volumes  of  protoxide  if 
azote. 

The  Dutch  chemists  ascertained  that  deutoxide  may  be  e» 
verted  into  protoxide  of  azote  by  the  action  of  protomuiiate  if 
tin,  ammoniacal  solution  of  copper  or  heated  sulphur.  Priestk; 
had  previously  sho\ini  that  the  alkaline  sulphurets  produce  tk 
same  effects;  and  Davy  found  that  the  sulphites  produced! 
change  \iith  greater  rapidity  tlian  any  other  set  of  substancei4 
All  these  bodies  seem  to  act  simply  by  abstracting  oxygen 
The  change  of  volume  has  not  been  accurately  determiMJ; 
but  it  is  obvious,  that  if  nothing  else  is  done  than  meid; 
abstracting  oxygen,  the  gas  must  be  reduced  to  hslfk 
original  volume.  For  100  volumes  of  deutoxide  of  azote  i 
composed  of 

Volumes.  Volumes. 

50  azotic  -f-  50  oxygen  gases. 
If  we  abstract  half  the  oxygen,  there  will  remain  60 

♦  Phil.  Trans.  1786,  p.  133.  f  Researches,  p.  80S. 

\  Researches,  p.  199. 
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+  25  oxygen,  wliieh  will  constitute  50  voliinies  of  protoxide 
of  azote. 

(:3.)  When  deutoxWe  of  azote  b  put  into  a  wide  glass  ves- 
sel suspended  inverted  over  the  water  trough^  and  oxygen  gas 
or  common  air  is  let  up,  bubble  by  bubble,  and  the  gits  is  well 
shaken  every  time  tliat  a  bubble  of  oxygen  enters  into  it,  I 
find  that  4  volumes  of  deutoxide  combine  witli  1  volume  of 
oxygen,  and  form  an  acid,  \iliich  h  absorbed  l>y  the  water. 
Now,  4  volumes  of  deutoxiile  are  composed  of  2  volumes  azo- 
tic and  2  volumes  oxygen  gases.  Henoe,  the  acid  formed,  is 
a  compound  of  2  volumes  azotic  and  3  volumes  oxygen  gases ; 
or  of  1  volume  azotic  and  L5  volumes  of  oxygen  gas^  or  by 
weight  of 

Azote         .         .         0-9722  or  1-75 
Oxygen     .         .  1(3666  or  a 

Now,  ihb  is  the  acid  to  wliich  the  name  of  hi/pmiiirous  has 
been  given.  We  see  from  its  composition,  that  supposing  the 
weight  of  azote  in  each  the  same,  hy]ionitrous  acid  contains 
thrice  as  much  oxygen  as  protoxide  of  azote. 

This  acid  can  exist  only  in  combination.  AM  the  salts  for-  Hyixmitntei. 
merly  called  nitrites  are  in  fact  combinations  of  this  acid  with 
a  base.  Gay-Lussac  showed  that  it  is  formed  wiienever  deut- 
oxide of  azote  is  left  for  some  time  in  contact  wifh  a  powerful 
base.  He  left  for  three  months  100  volumes  of  deutoxide  in 
contact  with  a  solution  of  pure  potash  over  mercury.  At  the 
end  of  that  time  the  gas  was  reduced  to  25  volumeSj  which 
turned  out  on  examination  to  be  pure  protoxide  of  azote. 
The  potash  was  found  partly  comliincd  \^'ith  an  aeitl,  wliich 
was  obviously  the  hyponitrous.  For  IQO  volumes  of  deutoxide 
of  azote,  are  composed  of 

VoluRi(>«.  Volumei. 

50  azote  +  50  oxygen. 
WTiile  25  volumes  of  protoxide  of  azote  are  composed  of 

Volumrt^  VoluHKif, 

25  azotic  +  12*5  oxygen. 
If  we  subtract  ihk  quantity  from  the  original  volumes  of  azote 
and  oxygen  in  the  deutoxide,  we  shall  have  the  volumes  of 
azote  and  oxygen  constituting  the  acid  which  has  combined 
with  the  potash.     These  are 

VoluiDM.  Volureei, 

25  azotic  +  ;17*5  oxygen,  or,  (multiplying  by  4) 
100  +  150 
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Chap.  II.    precisely  the  same  as  the  acid  formed  directly  by  the  iinim  of 
oxygen  gas  with  deutoxide  of  azote. 

Whenever  an  excess  of  deutoxide  of  azote,  mixed  with  oxy- 
gen gas,  Ls  placed  in  contact  with  a  powerful  base,  hyponitrooi 
acid  is  immediately  formed  and  combines  with  the  base,  whik 
piure  deutoxide  of  azote  remains.  Thus,  if  we  mix  togedur 
6  volumes  of  deutoxide  of  azote,  and  1  volume  oxygen  gn, 
over  a  solution  of  pure  potash  in  water,  two  volumes  of  dent- 
oxide  will  remain;  and  4  volumes  of  deutoxide,  combining 
with  1  volume  of  oxygen,  will  form  hyponitrous  acid  as  befiie 
explained. 

Hyponitrous  acid  combines  readily  with  bases,  and  fonnsa 
genus  of  salts  called  hyponitrUes;  but  it  does  not  seem  capt- 
ble  of  existing  in  a  separate  state,  either  pure  or  in  combina- 
tion with  water.  When  we  attempt  to  separate  it  from  a  biM 
it  is  immediately  resolved  into  nitrous  acid  and  deutoxide  of 
azote. 

(4.)  If  we  take  a  quantity  of  pure  crystallized  nitrate  d 
lead,  and  after  drying  it  for  some  time  in  a  tempeiatiire  d 
about  300°,  reduce  it  to  powder,  and  introduce  it  into  a  smal 
bottle  glass  retort.  By  way  of  receiver,  a  bent  glass  tube  m 
the  form  of  a  ti  may  be  used,  terminating  in  the  farthest  extre- 
mity in  a  capillary  opening,  and  luted  at  the  other  to  the  beik 
of  the  retort.  The  curvatiu-e  of  this  tube  should  be  surrouiMM 
by  a  nuxture  of  snow  and  salt,  to  keep  it  at  the  temperature  of 
zero.  A  heat  gradually  raised  almost  to  redness,  is  necessvT 
to  disengage  the  nitric  acid  from  tlie  nitrate  of  lead.  Thi 
acid  not  meeting  with  any  water  with  which  it  can  comImi& 
and  not  being  capable  of  existing  in  an  insulated  state,  is  im- 
mediately  decomi)osed  into  oxygen  and  nitrous  acid.  Tie 
oxygen  gas  makes  its  escape  from  the  capillary  end  of  the  tnbe, 
and  the  nitrous  acid  condenses  in  the  cur\-ature  into  a  liqnkL 

The  taste  of  this  liquid  is  very  caustic ;  its  smell  is  very 
strong,  and  its  specific  gravity  1'451.  Its  colour  depend 
upon  its  temperature;  at  60°  it  is  orange  yellow;  at  32**  it  is 
fawn  coloured,  almost  colourless  at  14°,  and  quite  colourless  it 
—  4®.  It  reddens  litmus  paper,  stains  the  skin  orange,  and  at 
the  same  time,  destroys  its  texture.  It  boils  at  82® -5,  aiJ 
assumes  the  form  of  an  orange  red  vapour.  In  this  state,  't 
was  examined  by  Dr.  Priestley,  and  called  by  liim  nitrotf 
vapour. 

It  is  not  acted  on  by  any  of  the  supporters  of  combustion. 
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^pi  tc  »  decomposed  by  many  combustible  siilj^tarices,  as  is 

wk  case  witli  nitric  acid  itself.    Water  decomposes  it  instantly, 

tod  converts  it  into  nitric  acid  and  deutoxide  of  azote,  which 

ii  tfisengaged,  if  the  quantity  of  acid  be  small  compared  with 

jkm  water,   but  remains  in   solution,  ting-iiig  the   nitric  acid 

^■init  yellow,  or  green.  If  the  quantity  of  acid  be  considerable, 

Tliis  acid  does  not  seem  capable  of  combining  with  bases. 

Hence  there  is  no  geiiu.s  of  salts  to  which  the  term  nitrite  can, 

witk  propriety,  be  applied.    When  we  attempt  to  unite  nitrous 

acid  with  a  ba»e,  it  h  immediately  resolve<l  into  nitric  and 

liypoiiitroiia  acids,  both  of  which  unite  with   tlie  base,  consti- 

tiiCiiig  at  once  a  nitrate  and  a  hyponitrite.     Tliis  decomposition 

ii  beautifully  exemplified,  when  the  vapour  of  nitrou^s  acid  is 

ibde  to  pass  over  dry  barytes.     The  acid  is  idisorbed  slowly 

at  die  urdlnary  temperature  of  tlie  air ;  but  at  39*2"*,  the  absorp- 

600  i§  vcr)'  rapid;  the  barytes  becomes  red  hot  and  nitrate, 

aad  Kyponitrite  of  barytes  are  formed.    Similar  phenomena  are 

■ttiluced  w*ith  other  babies.     With  liquid  ammonia,  nitrate  of 

^■BOliia  is  formed,  while  deutoxide  of  azote  and  azotic  gas  are 

ijirngnged.    The  reason  of  this  is,  that  hyponitrite  of  ammonia 

ii  drcomposed  when  it  comes  in  contact  witli  water. 

Duhiiig  analyzed  this  acid  by  causing  its  vapour  to  pass 

doirly  through  re<l  hot  copper  or  iron  turnings.     The  azotic 

fat  was  collected  over  mercury,  after  being  dried,  by  passing 

it  tlinragli  a  tube  filled  with  chloride  of  calcium.     The  aug- 

oinitation  of  w*eight  of  the  copper  or  iron,  gave  the  quantity 

■f  oxygen,  while,  from  the  bulk  of  azotic  gas,  the  quantity  of 

^■It  eotiatituent  wiis  determined.     The  azotic  gas  was  mixed 

^■tik  a  snail  quantity  of  hydrogen  gas,  not  exceeding  three  per 

^m.  and  obriously  derived  from  some  traces  of  moisture  in 

ike  reaaels,  from  which  it  was  very  cUfficult  to  free  them.     lu 

•IP  experiment,  of  wliich  he  gives  us  the  details,  the  quantity 

af  add   decomposed  was    122-55   grains,      Tlie  iron   filings 

ittcitased  in  weight  67*41  grains.     This  was  the  oxygen  con- 

ttSaneA  in  the  gas,  amounting  at  60^  to  252*6  cubic  inches. 

Tlie  Toliime  of  azotic  gas  at  32°,  was   1*93  litres,  which  is 

«q«TaIent  to  124-5  cubic  inches  of  a20tic  gas,  at  the  tempeni- 

tttfs  af  60°,  and  when  the  biirometer  stands  at  30  inches.* 

Tkos^  it  appears*  from  Dulong's  analysis,  that  nitrous  acid  is 

eoopoaed  of 
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Chap.  n.  Volumes. 

Oxygen         .         .        252-6  or  2-02 

Azotic  .         .        124*5  or  1 

This  approaches  so  nearly  to  1  volume  of  azotic  gas,  and  2 
volumes  of  oxygen  gas,  that  we  can  have  no  hesitation  in 
adopting  these  proportions  as  indicating  the  true  composition 
of  this  acid.  Indeed,  Gay-Lussac  had  already  determined  its 
constituents  with  rigid  accuracy  in  the  following  manner.  A 
globular  glass  vessel,  capable  of  containing  400  cubic  inches, 
was  exhausted  of  air,  and  200  cubic  inches  of  deutoxide  of 
azote  were  let  into  it  It  was  then,  by  means  of  a  stop-cock, 
placed  in  contact  with  a  jar  filled  with  oxygen  gas.  The 
deutoxide  is  converted  into  nitrous  acid,  and  400  cubic  inches 
of  oxygen  gas  have  entered  the  globular  vessel,  and,  of  course, 
either  combined  with  the  deutoxide,  or  replaced  the  vacuum, 
which  would  have  otherwise  taken  place,  in  consequence  of 
the  union  of  the  two  gases.  If  we  now  reverse  the  experiment, 
by  putting  100  cubic  inches  of  oxygen  gas  into  the  globular 
vessel,  and  then  place  it  in  contact  with  deutoxide  of  azote, 
nitrous  acid  is  again  formed,  and  500  cubic  inches  of  deutoxide 
of  azote  enter  the  vessel.  It  is  obvious,  from  these  two  expe- 
riments, that,  in  order  to  form  nitrous  acid,  200  volumes  of 
deutoxide  had  combined  with  100  volumes  of  oxygen,  and  that 
the  volume  of  the  nitrous  acid  (supposing  it  to  remain  in  the 
elastic  state)  is  precisely  the  same  as  that  of  the  deutoxide, 
from  which  it  was  formed,  or  that  the  oxygen  gas  enters  into 
combination  with  it,  without  increasing  its  volume.  Hence 
the  specific  gravity  of  nitrous  acid  vapour  must  be  1-5972. 
However,  Dulong  has  shown  that  it  is  not,  properly  speaking, 
a  gas,  being  easily  condensed  into  a  liquid  when  exposed  to 
a  mixture  of  snow  and  salt.  We  see  from  this  experiment  of 
Gay-Lussac,  that  nitrous  acid  vapour  is  composed  of 

1  volume  azotic  gas,      *)  condensed  into  0*75  volume.      This 

2  volumes  oxygen  gas,  3  is  the  same  thing  by  weight,  as 

Azote         .         .  0-9722  or  1-75 

Oxygen  .  .  2*2222  or  4 
What  view  are  we  to  take  of  nitrous  acid?  It  has  been 
shown  to  be  incapable  of  uniting  to  bases.  When  we  make 
the  attempt,  we  obtain  nitrate  and  hyponitrite,  as  was  first 
shown  by  Gay-Lussac.  Is  it  not  probable,  from  this,  that 
nitrous  acid  is  not  a  true  acid,  but  merely  a  mixture  or  com- 
pound of  1  integrant  particle  of  hyponitrous  acid,  and  1  integ- 


AZOTK* 

nitric  acid  ?    ThLs  view  of  its  nature  Lh  simpler,     ^^>  n. 
Ifer  with  the  analogy  of  other  bodies,  than  the 
miion  that  it  is  a  peculiar  compound  of  oxygen  and  azote.  I 

(5.)  Chemists  areag-reed  respecting  the  compmitioii  of  nitric  Nitric  icid, 
add.     It  hsm  beeu  sho\tTi  by  experiment*!,  wliidi  are  perfeetiy 
"  ire,  that  it  is  a  compound  of 

Azotic  gas  .         .        1  vohmie, 

Oxygen  .         .       2*5  volumes, 

ted  to  reduce  this  acid  into  oxygen  and  azotic  gjises, 
iiitric  acid  to  a  red  heat ;  but  never  succeeded  in 
sads&ctory  results.  Nor  were  the  results  stitkfactory 
J tpetre  and  charcoal  were  mLxecl  and  ignited ;  but  with 
filings,  mLxed  vnili  a  certain  cpiiintity  of  i^altj^etre,  in  a 
copper  tul>e,  and  exposed  to  a  red  heat^  the  result  wtis  more 
8*65  grains  of  saltpetre,  treated  in  tliis  way,  gave 
r€fy  nearly  4  cubic  inches  of  azotic  gas;  hence,  2*1625 
gnuns  of  saltpetre  would  have  given  out  about  1  cubic  inch  of 
;  but  2*1625  grains  of  nitre  contain  1*144852  gniins  of 
acid  ;  a  cubic  inch  of  azotic  gas  0.302794  grain.  Hence 
tilt  ireight  of  oxygen  gas,  in  this  quantity  of  nitric  acid  must  be 
ft"M2058  grain.  Tlds  (supposing  the  temperature  60*^,  and 
iht  bwrometer  at  30  inches)  is  equivalent  to  2-43  cubic  inches,* 
Benee,  according  to  this  experiment,  nitric  acid  k  composed  of 
1  volume  azotic  gas, 
2-43  volumes  oxygen  gas. 
Gsjr-Luiflac  demonstrated,  by  a  very  simple  experiment,  that 
ihit  tme  constituents  of  this  acid  are  I  volume  of  azotic,  and 
i-5  volumes  of  oxygen  gas.  Into  a  tube,  filled  with  water,  he 
iDlnNluced  a  given  volume  of  deutoxide  of  azote,  and  added  to 
it  SD  excess  of  oxygen  gas ;  taking  eare  not  to  agitate  the  tube. 
Tbe  two  gases  united,  and  formed  nitrous  acid,  which,  being 
firl>e<l  by  the  water,  was  decomposed  into  nitric  acid  and 
toxide  of  azote.  ThLs  last  gas  being  disengagetl  from  the 
mtfer*  united  ^^th  a  new  dose  of  oxygen  gas,  and  formed 
aitroit»  aod.  This  new  acid  was  again  absorl>ed  by  the  water, 
md  again  decomposed  into  nitric  acid  auil  deutoxide  of  azote, 
ras  again  disengaged*  These  combinations  were  re- 
till  ultimately  the  whole  was  converted  into  nitric  acid. 
WiP  can  determine  whether  the  product  of  this  experiment  be 
jmrr  nitric  add  by  mixing  a  little  red  sulphate  of  manganese 
vitli  tlie  water.     This  salt  is  not  altered  by  nitric  acid ;  but 

•  Fim  Principles,!.  110, 
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Chap.  II.    nitrous  acid  instantly  renders  it  colourless.    Gay-Lussac  fonnd, 
that  when  200  volumes  of  deutoxide  of  azote  were,  in  this  wiTf 
converted  into  nitric  acid,  the  oxygen  gas  absorbed  amounted 
to  150  volumes,  or  100  volumes  of  deutoxide  of  azote,  are  con- 
verted into  nitric  acid  by  uniting  with  75  volumes  of  oxygen 
gas.   Hence,  (since  100  volumes  deutoxide  contains  50  yolnma 
azotic  and  50  oxygen,)  nitric  acid  is  composed  of 
50  volumes  azotic, 
125  volumes  oxygen  gas,  or  of 
1*0  volume  azotic  gas, 
2'5  oxygen  gas. 
Hence,  nitric  acid  is  composed,  by  weight,  of 

Azote         .         .         0.9722,  or  1-75 
Oxygen     .         .         2-7777,  or  5. 
From  the  account  of  the  constitution  of  the  five  compoundi 
of  oxygen  and  azote,  which  we  have  now  finished,  it  iqipeiK) 
that  if  we  consider  the  constituents,  as  in  the  gaseous  statff 
their  relative  proportions  will  be  as  follows: 


orthecom. 
pound  of 
•■oU  and 
oxTgen. 


Atom  of 


Protoxide  of  azote 
Deutoxide  of  azote 
Hyponitrous  acid 
Nitrous  acid 
Nitric  acid 


Asotic. 

1  volume 

1 
1 

1 
1 


Oxygen. 

+  0-5  volume 
+  1 
+  1-5 
+  2 
+  2-5 


If  we  take  the  weights  of  the  constituents  only  into  viev, 
the  constituents  of  these  compounds  will  be  represented  tf 
follows : 


Protoxide  of  azote 
Deutoxide  of  azote 
H}rponitrous  acid 
Nitrous  acid 
Nitric  acid 


Aiote.    Oi 

1-75  +  1 
1-75  +  2 
1-75  +  3 
1-75  +  4 
1-75  +  5 

From  this  table,  we  see  that  if  the  weight  of  azote  in  thcit 
compounds  be  represented  by  1.75,  then  the  weight  of  Qzygen 
in  each  increases  as  the  natural  numbers.  Hence,  it  is  obviott 
that  either  1*75,  or  some  multiple,  or  submultiple  of  1*75,  mvt 
represent  the  atom  of  azote. 

Chemists  have  not  yet  agreed  about  the  number  wiai 
represents  the  atom  of  azote.  The  difference  of  opinioi 
depends  upon  the  view  taken  of  the  constitution  of  water* 
Those  chemists  who  consider  water  as  a  compound  of  1 
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Iiy^irogen,  and  1  atom  oxygen,  draw,  as  a  necessary  conse- 
quence, tJiut  lialf  a  volume  of  oxygen  gas  is  equivalent  to  an 
atom,  while  a  whole  volume  of  most  other  ga^es  represents 
an  atom.  Those  who  have  adopted  these  opinions,  represent 
the  atom  of  itzote  hy  the  number  1-75.  We  consider  the  5 
compounds  of  azote  and  oxygen,  as  composed  of  1  atom  azote, 
united  w4th  1,  2,  3,  4,  and  5,  atoms  of  oxygen. 

But  those  chemists  wlio  consider  water  as  a  compound  of 
'2  atoms  hydrogen,  and  1  atom  oxygen,  naturally  deduce  the 
nu!nher  of  atoms  in  each  compound  from  the  number  of  volumeg 
of  f  ach  constituent*  Deutoxide  of  azote  being  composed  of  1 
vohnne  azotic^  and  1  volume  oxygen  gas,  tliey  consider  it  as  a 
compound  of  I  atom  azote  +  1  atom  oxygen.  Hence  the 
atomic  weight  of  jizote  will  be  0-875,  and  the  composition  of 
tlie  various  compounds  will  be  as  follows : 

Avote.  Ox>gwi. 

Protoxide  of  azote         ,         *       2  atoms  +  1  atom. 
Deutoxide  of  azote        .         .        1  atom    -^  I 
Hyponitroits  acid  .         ,2  +3 

NitroiLS  acid  .         .       1  +2 

Nitric  acid  <         .2  +5 

I  have,  in  the  preceding  chapter,  given  the  reasons  which 
have  induced  me  to  adopt  tlie  opinion,  that  water  is  a  compound 
of  I  atom  hydrogen  +  I  atom  oxygen.  Hence,  die  atom  of 
azote  must  be  1*75,  This  view  of  the  subject,  whicb  is  by  far 
the  simplest,  has  been  adopted  by  all  British  chemists,  so  far 
B»  I  know,  except  Mr,  Dalton,  wkose  objections  are  founded 
not  upon  the  constitution  of  water  ;  but,  upon  other  considera- 
tions, which,  though  very  ingenious,  cannot  be  considered  as 
conclusive.  Berzelius  having  adopted  the  notion,  that  water 
contains  2  atoms  of  hydrogen,  has  natundly  taken  0*875  (or  a 
number  de\Tating  but  tittle  from  this)  for  the  atom  of  azote; 
and  in  this  he  has  been  followed  by  several  of  the  German 
and  French  chemists.  But  the  system  of  atoms  founded  upon 
this  basis  is  so  very  complex,  tliat  it  would  be  a  thousand  pities 
to  see  it  universally  adopted.  It  wraps  a  very  plain  sulyect  in 
a  mysterious  veil,  and  seems  to  me  rather  calculated  to  retard 
than  promote  the  progress  of  chemistry  as  a  science.* 

*  It  is  to  be  regretted  that  the  namciS  of  these  compounds  of  azote  and 
oxjrgen  had  not  twen  rcdderetl  more  systematic.  Chaptal  attempted  to 
make  them  io^  by  subs tituti rig  the  term  niirogen  for  a^ote,  end  this  mode 
of  oaming  has  been  adopted  by  many  chemists-  It  would  have  been  better 
bad  (tzntota  and  azotic  l>een  sub*itlnued  Tor  nitrout  and  nitric  acid,  Perhapa 
thiii  might  still  be  done. 
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III.  Azote  has  the  property  likewise  of  combining  with  chkn 
rine,  and  of  forming  a  very  singular  compound,  to  which  we 
may  give  the  name  of  chloride  of  azote. 

It  seems  to  have  been  discovered  about  the  beginning  of 
1812,  by  M.  Dulong,  who  did  not  however  publish  any  thing 
on  the  subject,  having  been  deterred  by  two  severe  acddentB^ 
which  prevented  him  from  completing  his  investigation.  In 
September,  1812,  Sir  H.  Davy  received  a  letter  from  M. 
Ampere,  in  which  he  mentions  the  discovery,  without  saying 
any  thing  about  the  mode  of  preparing  it.  Tins  information 
roused  his  curiosity,  and  induced  him  to  set  about  a  series  of 
experiments  in  order  to  obtain  it  But  before  he  had  proceeded 
far,  Mr.  Children  put  him  in  mind  of  an  oily  substance,  that 
had  been  observed  about  a  year  before  by  Mr.  Burton,  at 
Cambridge,  when  he  passed  a  current  of  dilorine  through  a 
solution  of  nitrate  of  ammonia.  Tliis  information  enabled 
Davy  to  procure  the  substance,  and  to  investigate  its  proper- 
ties.* A  very  numerous  set  of  experiments  was  made  upon  it 
about  the  same  time,  by  Messrs.  Porrett,  Wilson,  and  Rupert 
Kirk.f  There  was  lastly  an  abridgment  of  Dulong's  original 
paper,  drawn  up  and  published  by  Thenard  and  BerthoUetJ 
The  chloride  of  azote  may  be  procured  in  the  following  manner. 

Dissolve  in  water  of  about  110**,  a  quantity  of  nitrate  of 
ammonia,  or  sal  ammoniac,  so  as  to  make  a  moderately  strong, 
but  not  saturated  solution.  Put  it  into  a  flat  dish,  and  invert 
over  it  a  phial  or  cylindrical  glass  jar,  previously  filled  with 
chlorine  gas.  The  gas  is  slowly  absorbed ;  a  yellowish  oily 
looking  matter  collects  on  the  surface  of  the  liquid  within  the 
jar,  and  gradually  falls  to  the  bottom.  It  is  the  chloride  of 
azote.  Care  must  be  taken  not  to  collect  more  at  one  time 
than  a  globule  or  two ;  and  no  experiments  ought  to  be  made 
upon  a  quantity  of  it,  exceeding  a  grain  in  weight  For  the 
explosions  which  it  occasions  are  so  violent  as  to  be  dangerous, 
unless  the  quantity  employed  be  very  small.  Chloride  of  azote 
possesses  the  following  properties. 

Its  colour  is  nearly  similar  to  that  of  olive  oil.  It  is  as 
transparent,  and  has  little  or  none  of  the  adhesiveness  of  oils. 
Its  smell  is  peculiar  and  strong,  though  not  so  disagreeable  nor 
injurious  to  the  lungs,  as  that  of  chlorine.  ||    It  is  very  volatile. 


•  Davy,  Phil.  Trans.  1813,  pp.  1  and  24. 

t  Nicholson's  Journal,  xxxiv.  180  and  276.     March  and  April,  1813. 

\  Ann.  dc  Chim.  Ixxxvi.  37. 

II  Davy  compares  it  to  the  smcU  of  phosgene  gas. 
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AJid  in  soon  dissipated  when  left  in  the  open  air.     It  may  be 

ludistitli'd  over  at  160°  without  danger:  bnt  b  purtially  dccom- 

^posed  Iiy  ihe  heat.     The  teiiiperatnre  of  200^  only  iiieretises 

the  rapitlity  of  its  e^-aporation ;  but  when  heated  to  21*2%  it 

exjdodes  witli  pnxii^ious  violence.    In  a  %^acnnm  it  is  converted 

into  vapour,  tind  is  atj^ain  condeiLsed  into  a  liquid  wlien  tlie 

pressure  of  tlie  atniospliore  is  restored.    If  this  vapour  be  heated 

ifufficieiitlVf  it  explode^*  with  as  much  violence  as  the  litjuid 

Jitoelf.*      Tlie  specilie  gravity  of  chloride  of  azote  is   l'ti53.f 

When  exposed  to  cold,  the  water  in  contact  mtli  it  congeals 

at  about  40'=',  but  it  remains  fluid  itself,  though  exposed  to  the 

colli  prtxluced  Uy  a  inijcture  of  ice  aiul  muriate  of  lime.:j: 

When  left  in  water  it  speedily  disappears,  while  a  quantity 
of  azotic  gas  is  disengaged*  When  put  into  strong  muriatic 
acid,  a  quantity  of  ga^  is  extricated,  considerably  exceeding 
the  whole  weight  of  the  chloride.  This  gas  is  chlorine;  mu- 
riate of  annuonia  remains  in  tlie  solution. 

When  eldoride  of  a^ote  corner  in  contact  witli  phosphorus 
or  oils  a  violent  detonation  immediately  takes  place  ;  the  effect 
is  so  instantaneous  and  so  greats  that  it  has  not  been  possible 
to  collect  tlie  product*.  Messrs.  Porrett,  Wil.son,  and  Kupert 
Kirk,  brought  1*25  different  substances  in  contact  with  it.  The 
following  Mere  the  only  ones  whicli  caused  it  to  explode.§ 
Supersulphuretted  hydrogen     Oil  of  tar 


■ec(.IL 


Phi>sphoras 

Phosphuret  of  lime 

Caoutchouc 

Myrrh 

Phosph y retted  camphor 

Pahn  oil 

And>ergris 

Whale  oU 

Linseerl  oil 

Olive  oil 

Camphoretted  olive  oil 

Sulphuretted  olive  oil 

Oil  of  turpentine 


Oil  of  amber 

Oil  of  petroleiun 

Oil  of  orange  peel 

Naphtha 

Soap  of  silver 

Soap  of  mercury 

Soap  of  copper 

Soap  of  lead 

Soap  of  manganese 

Fused  potash 

Solution  of  pure  ammonia 

Phosphuretted  hydrogen  gas 

Nitrous  gas. 


Metals,  resins  sugar,  most  of  the  gases  did  not  explode  with 
tills  substance. 

M,  Dulong  placed  chloride  of  azote  in  contact  w^th  pieces 

•  Porrett,  Wilson,  and  Rupert  KirL  f  ^^^Y* 

J  Davy,     Tlit5  temperature  was  probably  as  low  as  —  40". 
Nichdson'a  Journal,  xx^xiv,  277. 
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Q^-"  of  copper.  The  chloride  disappeared,  azotic  gas  was  disen- 
compotitioa.  g^^^d,  and  there  was  formed  a  solution  of  muriate  of  copper.* 
From  this  experiment  it  follows,  that  the  substance  is  a  com- 
pound of  azote  and  chlorine.  Davy  found,  that  when  it  was 
exploded  in  an  exhausted  vessel,  the  only  products  were  chlo- 
rine and  azote.f  This  farther  corroborates  the  nature  of  its 
constituents.  When  made  to  act  upon  mercury,  a  mixture  of 
calomel  and  corrosive  sublimate):  is  formed,  and  azote  disen- 
gaged. In  one  experiment  0-7  grain  of  the  chloride  produced 
49  grain  measures,  or  0*193  cubic  inch  of  azote.  This  quantity 
weighs  0*058  grain.  According  to  this  estimate  the  chloride 
is  composed  of 

Azote  ...  58 

Chlorine        ...         642 
This  is  equivalent  to 

1  volume  azotic  gas, 

4*26  volumes  chlorine  gas. 
As  it  is  very  difficult  in  such  an  experiment  to  collect  the  whole 
of  the  azotic  gas,  the  probability  is,  that  the  chloride  of  azote 
is  a  compound  of  1  volume  of  azotic  gas,  and  4  volumes  of 
chlorine.  Now,  as  in  these  two  gases,  volumes  are  equivalent 
to  atoms,  it  would  follow  that  the  chloride  is  a  compound  of 
1  atom  azote  .         .  1*75 

4  atoms  chlorine         .         .         18 


19-75 
Hence,  the  weight  of  its  atom  must  be  19*75. 

This  substance  possesses  very  little  permanence;  being 
instantly  decomposed  by  phosphorus  and  oils,  and  pretty 
rapidly  by  water.  Whether  it  possesses  acid  or  alkaline 
characters  is  not  known ;  nor  could  it  be  easily  ascertained  in 
consequence  of  the  formidable  nature  of  the  compound* 
Bromide  on.  IV.  Hitherto  chemists  have  made  no  successful  attempts  to 
form  a  compound  of  bromine  and  azote.  When  bromine  is 
placed  in  contact  with  ammoniacal  gas,  the  gas  is  absorbed, 
azotic  gas  evolved,  and  hydrobromate  of  ammonia  formed* 
These  changes  are  accompanied  by  the  evolution  of  heat,  but 
not  of  light,  and  no  substance  analogous  to  a  chloride  of  lazote 
makes  its  appearance.§ 

•  Ann.  de  Chlm.  Ixxxvl.  59.  f  Phil.  Trans.  1813,  p.  244. 

%  These  are  compounds  of  mercury  and  chlorine. 
$  Balard ;  Ann.  de  Chim.  et  de  Phys.  xxxiL  358. 
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V,  A2ote  has  the  property  likewise  of  combuiiiig  with  iodine,     s^t  a 
wod  of  fonmng  a  compound  which  may  be  ealletl  iodidi'  o/* iodide  of 
csoilp.     It  was  discovered  by  M.  Courtois,  and  may  be  pre-  ****'' 
pur*!  in  the  followinj^  manner. 

Put  a  qtiantinr  of  iodine  in  powder  into  a  solution  of  ammonia  Preparation. 
b  moer.  It  is  converted  into  a  brownish  black  matter  which 
m  thi?  iiMJide  of  tizofe.  It  may  be  thro^^^i  wliile  still  moist^ 
ml  mixed  with  the  ammoniaeal  solution  upi>n  a  filter.  After 
die  liquid  has  passed  through  the  filter^  while  the  iodide  Ls  still 
maoMf  the  filter  should  be  stretched  flat  on  a  board,  and  fixed 
firm  to  it  by  means  of  a  little  paste  or  g^um  water.  For  the 
powder  when  dry  detonates  nolently,  and  with  a  violet 
flame  upon  the  smallest  agitation  of  the  paper. 
I  have  often  seen  it  explode  spontaTieoiisly.  This 
iydidi*  haft  a  brownish  black  colour,  and  has  no  snudl  whatever. 
Ifawilution  of  potash,  or  of  hydriodate  of  ammonia  be  poured 
it,  azodc  gas  is  evolved,  and  the  iodide  decomposed. 
Even  water  catises  an  evolution  of  azotic  gas  though  very 

wriy- 

MTieti  iodine  is  placed  in  contact  with  ammoniaeal  gas  it  Is 
ihofbedy  and  a  shining  v*iscid  liquid  of  a  blackish  brown  colour 
kfpmed,  which  when  saturated mtli  ammonia  loses  its  viscidity, 
Kuns  is  extricated  during  the  formation  of  this  compound^ 
vUch  seems  to  be  an  iodide  of  ammonia.  It  does  not  fulmi- 
BAle.  When  we  dissolve  it  in  water  a  portion  of  the  imimonia 
il  ieeomposed,  and  hydriodic  acid  and  iodide  of  azote  formed. 

Iodide  of  azote  when  left  in  the  open  air  graduaily  flies  off  in 
tapoiir  without  leaving  any  residue.  It  detonates  witli  great 
fiolciice  when  slightly  touched,  or  when  heated.  If  the  detonation 
W  performed  in  an  exhausted  glass  vessel  the  onl\'  protlucts  are 
node  gBA  and  iodine.*  Hence  it  is  ob\  ious  tliat  it  is  com- 
of  che$e  two  substances.  The  attempts  which  have  been 
CO  determine  the  proportion  of  tlie  eonstituentK  of  this 
ice  have  not  succeeded.  C^ay-Lussac  cjilculates  from 
tkforyf  that  it  Is  a  compound  of  one  atom  of  azote  and  three 
mtmm^  of  lodtne.  But  his  mode  of  reasoning  tloes  not  appear 
tome  to  poflsess  much  weight.  If  we  knew  the  weight  of  the 
Mjilfi  from  a  given  weight  of  iodine,  or  even  the  quantity  of 
necessary  to  produce   the  change,  some  satisfactory 

•  Davy,  Phil  Truiis*  1814,  p.  86. 
t  Ann.  dc  Chun.  %ch  30, 


IS8 


SIMPLE  ACIDIFIA^LE  UASES. 


Chap.  IL 


Com 

I 

I     Anm 


in, 

i 

ith 
ith 

1 


deductions  might  l>e  made*  But  at  present,  all  the  facts  ef55ieii- 
tial  towards  detcrmiiiiiig  the  ratio  of  the  constituents  of  thiK 
corapoMtba  eoinponiul  are  WfuUing.  Ciay-Lussac*  states,  but  merely 
from  tlieory,  tliat  when  a  gramme  of  this  fulminating  powder 
is  decomposed^  it  yieULs  0*0864  litre  of  iodine  vapour,  and 
0.0*288  Litre  of  azotic  gas.  Hence  100  gnujis  of  the  powder, 
should  evoh'c  of 

Iodine  vapour  -         «         34'11  cubic  iucheg 

Azotic  gtis  .         .         1L37 

These  quantities  are  small  j  yet  the  powder  fnlminates  vie 
lently,  in  consequence  of  the  rapidity  of  its  decomposition. 

Sucli  are  the  properties  of  tlie  combinations  of  azote,  with 
the  supporters  of  combustion,  so  tiir  as  they  have  been  investi- 
gated.    It  possesses  the  property  likewise  of  combining  with 
hydrogeu,  and  of  forming  an   important  compound  ciilled  am 
monia^   the   natiu-e   and  properties  of  which    we    must   no¥ 
consider. 

VL  iimmonia  is  iLsually  prepared  for  chemical  purposes  from  ^ 
Sal  Bimna.      ^fjl  ammouiur,     This  term  occurs  t>oth  in   Dioscoridesf  and 

Pliny  ;|:  but  from  wliat  these  authors  say  respecting  it,  we  aroH 
warranted  to  infer,  that  w!»at  the  ancients  indiaited  by  that^ 
term,  was  merely  a  variety  of  commou  salt  found  in  Cyrenaica 
and  the  neighbourhood.     The  sal  junnioiiiac  of  the  moderns 
seems  to  have  Ixeen  first  manufactured  by  the  Arabians,  and 
W2^  made   in  Eg}^pt   (it  is  said  from  caim^Fs  dung)  several 
centuries  ago.     A  manufactory  of  it  (Irom  soot  aud  eommom^ 
salt)  was  established  in    Edinliurgh  by  Dr.  Hutton  and  Mr,^^ 
Tiviyy  about  the  yeiir  1760:  and  about  the  same  period  manu- 
factories of  it  were  established  in  Fnince  and  other  parts  oli 
Europe, 

That  sal  ammoniac  is  a  compound  of  muriatic  acid  and  am- 
moida,  WTis  known  to  Tournefort  in  the  year  ITOO.f  Geoffroy* 
junior,  demonstrated  the  composition  of  the  salt  experimentally 
in  the  years  1716]|  and  1723.1[  And  this  was  afterwards  done 
with  more  precision  by  Duhamel  in  17f35,*^  The  mode  of 
extracting  carljonate  of  tuiimonia  from  sal  ammoniac,  by  mix- 


I 


♦  Ann.  de  Chim.  xcL  3L  f  Dioscorides,  lib-  v.  c.  75. 

I  Plinii  Ilist.  MtiTidi,  lib.  xxxi,  c.  7. 

§  Mem.  Paris,  1700,  p.  71.     Tournefort  knew  that  it  is  n  compound  of 
armnonia  and  an  acid ;  but  he  does  not  say  what  the  nciil  was. 
[|  llisL  de  I'Acad.  1716,  p.  28.  t  Ibid.  1723,  p*  38. 

*♦  Mem,  Paris,  1735,  p.  100. 
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it  with  chalk,  and  distilling  in  a  retort,  \vm  known  to  the 
b^TtiistB ;  though  little  progre^  was  made  in  invcsf igating 
lis  iffuperdes.  The  difference  between  caiLstic  ammonia  and 
carlKXDJite  of  ammonia,  was  first  pointed  out  l>y  Dr.  Black.  l)r, 
l^riestley  first  shew^ed  that  pure  ammonia  h  a  gaseous  substance, 
and  poijite<l  out  the  method  of  procuring  it- 

Tm  oblain  ammoniacid  gas,  reduce  about  half  an  ounce  of 
ml  ammivniac  to  powder^  Introduce  it  into  a  small  retort 
looe  alxmt  half  an  ounce  of  imslakod  lime  to  powder, 
luce  it  into  the  same  retort.  Shake  the  two  powders  well, 
to  mix  them  as  intimately  as  possible.  Then  fill  the 
belly  of  the  retort  with  imslaked  lime  iu  powder, 
Plmgte  the  l>eak  of  the  retort  under  mercury,  in  the  mercurial 
tnnigli,  and  apply  the  heat  of  a  lamp  to  the  retort,  the  ga.s  m 
ired  abundantly,  and  maybe  received  in  inverted  glass  jars 
with  mercury.  The  first  portions  which  come  over, 
iM  be  allowed  to  escape,  to  get  rid  of  the  common  air 
fiUed  the  beak  of  the  retort,  Ammoniaeal  gas  thus 
pdssesses  the  folIow^ng  characters* 
It  is  colourless^  and  possesses  the  mechanical  properties 
Ite  taste  is  acrid  and  caustic,  and  wlien  drawn  into  the 
It  destroys  tlie  cuticle.  When  applied  to  any  part  of 
tbe  body  it  acts  as  a  rubefacient,  and  even  blisters  the  part  if 
ni^h  applied-  Its  smell  is  strong,  pungent,  and  quite 
and  is  well  known  under  the  name  of  an  ammoniaeal 
Putrid  urine  exhales  the  same  smell.  Hence  the  odour 
is  often  called  urinous. 
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S.  Animala  am  not  breadie  this  gas.    When  they  attempt  to 
introduce  it  into   the  lungs,  a  spasm  of  the  epiglottis  takes 
e,  which  forcibly  shuts  the  passage,  and  prevents  any  of 

from  making  its  way  into  tlie  lungs. 
The  specific  gra\dty  of  this  gas,  as  determined  by  Davy,  is 
1164.  I  found  it  0*59031 ;  from  a  meau  of  three  experi- 
made  with  great  care.  If  we  take  the  mean  of  these 
tvorvsultat  w^e  obtain  0*590!237  for  the  specific  gravity;  which 
«i0t  he  rery  near  the  truth.  It  will  be  sho%vn  afterwards, 
that  this  gas  is  a  compound  of  1  volume  of  azotic  gas,  and 
Aree  volumes  of  hydrogen  gas  united  together,  and  condensed 
ttto  two  volumes.  Hence,  if  we  add  together  the  specific 
parrlj  of  azotic  gas,  and  three  times  tlic  specific  gravity  of 
^drogen  gas,  and  divide  tlie  same  by  2,  we  must  obtain  the 
inie  ^'ciiic  gravity  of  this  gas. 
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[le  tnat  it  cannot  be  preserved.  It  is  m 
of  solution  in  water  that  ammonia  h  commonly  used 
br  cbemical  purposes.  The  easiest  method  of  preparing  it,  is 
to  put  into  a  retort  a  mixture  of  about  equal  weights  of  quick- 
faiie  aEti  sal  ammoniac*  The  time  should  be  previously  slaked 
wad  in  powder.*  The  sal  ammoniac  should  also  be  in  powder* 
Tlie  retort  should  then  be  filled  about  half  full  of  water, ; 
piboed  in  a  sand  pot,  arul  its  beak  luted  to  a  Wolfe's  bottle  A, 
bfing  a  little  wiater  at  its  bottom,  and  having  two  mouths  a 


wi  A»  Through  the  mouth  ^r  pa^es  a  strai^^ht  glass  tube 
ttfODgb  a  perforate<l  cork*  so  as  to  be  air-tiglit*  The  bottom 
ifdiistube  plunges  into  the  water  at  the  bottom  of  the  jar, 
vkich  fthutfi  up  any  communication  between  the  inside  of  the 
Wolfe's  bottle  and  the  external  air.  From  the  second  mouth 
ll  glu»  tube  issues  through  a  perforated  cork.  This  glass  tube 
after  bending  at  right  angles  twice,  passes  into  the  mouth  of 
SAoCjier  \Volfe*s  bottle  B  with  tliree  tubulars,  and  half  filled 
witii  distilled  water.  Through  a  perforated  cork  in  the  second 
c  a  straight  tube  passes,  and  reaches  almost  to  the 
[  of  the  jar.     From  tlie  third  tubular  J  another  glass  tube 


*  The  qtiftotity  of  lime  requblte  to  decompose  135  parts  of  sal  ammoniac^ 
iriiinfii  to  7  parts.  When  ammonia  is  prepared  on  a  laiige  scale*  attention 
Aoay  be  pmd  to  these  proportions  in  order  to  gave  expense.  But  in  the 
hboficory  of  the  chcmbt,  where  the  small  quantity  of  aurplus  lime  is  no 
tlject,  I  usually  employ  equal  weights. 
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ch*p.  n.  rises,  and  bending  at  right  angles  enters  another  Wolfe's  bottle 
C,  also  half  filled  with  water,  and  furnished  with  tidjes  pre- 
cisely as  the  second  bottle  B.  The  tnluilars  are  all  made  air 
tight,  first  hy  perfomted  corks  wliicb  firmly  grasp  rhe  tubes, 
and  are  firmly  grasped  hy  the  respective  inonf  lis  of  the  bottles. 
Secondly,  by  fat  lute  laid  on  carefully.  And  thirdly,  by  pieces 
of  cotton  cloth  dipt  in  litjuid  glue,  applied  carefnlly  to  tlie 
mouths  when  moLst,  and  tied  firmly  in  their  places  by  ^mall 
cord.  The  luting  sliould  be  allowed  to  dry  before  tlie  process 
commences.  The  glass  tubes  m  and  h,  if  tbey  consisted  of  one 
solid  piece,  could  not  be  easily  adjusted,  and  would  be  liable 
to  be  broken  upon  the  smallest  agitation  of  the  apparatus.  To 
prevent  this,  they  consist  each  of  two  pieces  merely  touching 
each  odier,  at  the  points  m  and  n.  Tliey  are  tied  finnly 
together  by  a  ribbon  of  caoutchouc,  previtnisly  moistened  on 
one  side  by  caoutchouc  varnish,  stretclied  firmly  round  the 
tubes,  and  fixed  in  its  place  by  a  string  tied  tightly  round 
it.  Great  aire  should  l>e  taken  that  the  joints  are  all  well 
luted,  and  quite  air  tiglit*  Heat  is  now  applied  to  the  retort. 
As  soon  as  the  water  approaches  the  boiling  temperature, 
ammoniacal  gas  is  driven  off  in  great  abunclince.  It  soon  fills 
the  bottle  A,  and  passing  along  the  tube  m  is  absorbed  by  the 
water  in  11,  which  becomes  hot  and  gradually  increases  in  bulk* 
If  the  process  be  continued  till  the  water  in  B  is  saturated,  the 
gas  will  pass  tlirough  the  tube  w,  and  be  absorbed  by  the  water 
in  die  bottle  C.  But  it  is  better  to  stop  tlic  process  before  full 
saturation,  because  tlicn  the  liquid  is  so  volatile  that  it  cannot 
easily  be  preserved.  The  water  in  tlie  bottle  A,  whicli  dis- 
tils over  dunng  the  process,  Is  also  bigldy  impregnated  with 
ammonia,  and  if  the  distillation  has  been  rightly  conducted,  it 
consists  also  of  ammonia  simply  dissolved  in  pure  water.  It 
sboidd  therefore  be  preserved  for  use  as  well  as  the  water 
the  bottle  B.* 
Bttmgth,  Water  impregnated  witli  ammonia  Ivy  thk  process  has  the 

smell  and  taste  and  all  the  properties  of  ammonia  in  perfection* 
It  is  specifically  lighter  than  water,  and  it  is  lighter  in  pro- 


•  Mr*  PajTO  recominenda  the  prepamtion  of  animonia  from  the  sulphul 
instead  t>f  the  muriate,  on  tlic  score  orecoiiojiiy,,  and  Dumas  says,  that  the 
price  of  the  former  is  not  even  so  much  as  one-fourth  of  the  price  of  the 
latter.  I  utn  not  aware  that  sulphate  of  ammonia  can  be  obtained  at  so 
cheap  a  rate  in  this  country.  It  miL;ljt,  however,  l>e  procured  ut  a  cheap 
enottgli  rate  from  sool^  and  from  die  ammoniucal  liquid  obtained  during  the 
forniinp  of  coal  gas. 


be     1 
It. 

ho         I 


AZOTE- 


1  to  the  quantity  of  gas  which  it  contains.     The  following     fi«t  lu 
f  for  which  wc   urc  indebted  to  Mr,  Diilton,  exhtbits  the" 
I  and  the  boiling^  point,  and  the  quantity  of  ammoiiiacal 
Uqaid  anunonia.    of   every  specific   gravity  from   the 
ito  the  weakest-* 


Onluof 

Boiling 
point 

Volumcaof 

ga*  in  A 
Tolunwof 

Uquid. 

8oO 

33-3 

26" 

494 

860 

32-6 

38 

456 

67  O 

29-9 

50 

419 

860 

27-3 

62 

382 

890 

24-7 

74 

346 

900 

22'2 

86 

311 

910 

1       19-8 

98 

277 

I      9-20 

'       17-4 

110 

244 

1      930 

151 

122 

211 

\          94rO 

1      12-8 

134 

180 

\      930 

10-5 

146 

147 

1       D60 

8-3 

158 

116 

i      070 

6-2 

173 

87 

\      980 

41 

187 

57 

\      990 

2 

196 

28 

Bivy  found  tliat  the  .sfj:)eeific  gravity  of  mixtures  of  Uqnid 
— iymtiii  aivd  crater  Is  exactly  the  mean  of  tluit  iif  the  two 
inpe&nts.  And  this  ol>servation  was  confirmed  by  Dalton, 
hbc9s)%  therefore,  if  w^e  can  determine  the  specific  gravity 
rf  1  tttiuuted  solutiou,  to  determine  the  strength  of  liquid 
of  every  other  strength. 


8L  When  this  i^as  is  passed  tlirouffh  a  red  hot  pf>rcelain  or  glass  compwiiion 

,.  I       •     *       1  1*  'ill  V       Ti'i  oXumuiewila. 

we,  It  IS  decomposed  into  azotic  and  hydrogen  gjLses.j  \V  Ken 
A»  tube  IB  filled  with  wires  of  iron,  copper,  silver,  gold,  or 
pllttl&limy  the  gas  in  much  more  easily  decomposed  than  when 
kit  exposed  to  a  simple  red  heat.  Iron  Ls  the  most  efficacious 
•f  ti»e»e  me  tills  in  promoting  the  decomposition  of  the  ga^s,  imd 
phliiliun  the  least*  The  others  are  efficacious  in  tlie  order  in 
vUell  they  have  heen  named.  The  iron  hy  this  process  is 
rmdered  brittle,  bat  its  weight  is  not  aUered.l  The  reason  of 
ttift  decomposition  being  promoted  by  these  metals  is,  that  they 
We  an  affinity  for  hydrogen,  unth  which  they  combine  at  a 


•  Sew  SpHem  of  Chcnnstry,  \l  422, 
I  Thfoardi  Ann.  de  Chim.  hxxv.  61. 


t  Priesdey  on  Air,  ii,  395* 
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particular  temperature.     But  the  eompoiiiid  being  feeble  in 
destroyed,  and  the  hydrogen  driven  oflf  when  tlie  temperature 
U  elevated  above  the  |>roper  point-     Hence  the  rea>»oii  wIjjt 
the  iron  is  left  brittle.     This  has  been  shown  to  be  the  cause    „ 
of  the  phenomenon  by  the  late  experiments  of  Despretz,  H 

Wlieo  annnouiacal  gns  is  put  in  to  a  ghiss  tube,  itUo  which  two 
platinum  wires  are  hermetically  sealed  opposite  to  each  other, 
and  separated  by  a  small  interval,  (the  common  eudiometer  of 
o^f^  Fontana  will  answer  very  well),  as  in  the  margin,  and 
electrical  sparks  are  passed  through  it,  the  gius  undergoes 
decompositiou.  The  tube  must  be  placed  inverted  over 
mercury,  and  as  the  process  is  tedious,  the  quantity  of 
gas  should  not  exceed  the  tenth  of  a  cubic  inch.  Both  the 
gas  and  the  mercury  should  be  its  dry  as  possible.  This 
process  was  first  attempted  by  Dr.  Priestley^  who  ascer- 
I  tainetl  that  electric  spurks  occasioned  a  considerable 
1^  increase  in  the  bulk  of  the  gas,*  Berthollet  repeated 
:>rocess  with  the  requisite  care,  showed  that  I  volume  of 
gas  Wiis  iucreased  1*6  volumes,  and  that  it  consisted  after 
the  decomposition  of  1  volume  of  azotic  gas  and  2*63  volumes 
of  hyth-ogen  gas*f  Berthollet,  junior,  repeated  these  experi- 
ments, and  showed  that  the  volume  of  the  gsis  w;is  doubled, 
and  that  the  new  gas  was  composed  very  nearly  of  1  volume 
of  azotic  gas  and  8  volumes  of  hydrogen  gas  united  together, 
and  condensed  into  two  volumes. f  These  experiments  were 
repeated  and  confirmed  by  Dr,  Henry§  and  Sir  H.  Davy.  || 
And  Gay-Lussac  showed  by  satisfactory  evidence,  tliat  the 
volumes  of  the  constituents  are  exactly  3  hydrogen  and  I 
ttzotic  gas  condensed  into  two  volumes.f  So  that  no  doubt 
whatever  remains  respecting  the  true  constitution  of  ammonia* 
It  IS  composed  by  weight  of 

Hydrogen  00694  X  3  =  0-20a*3  or  0-375 
A2ote  0-9722  or  1-75 


thti 


2'im 


^ 


Hence  it  is  a  compound  of  three  atoms  of  hydrogen  and  one 
atom  of  azote;  and  its  atomic  weight  is  2*  125.     About  the 

constitution  of  this  body  all  chemists  are  agreed.     But  those 
gentlemen  who  consider  water  as  a  compound  of  1  atom  oxygen 


•  Priestley  on  Air,  ii,  389. 
I  yitm.  d'Arcueil,  ii.  268. 
I  Chembtry,  p.  269, 


f  See  MeiD.  Paris,  1785,  p.  136. 

§  PhiL  Trans.  180!). 

1  Mem.  ti'Arciieil,  ii.  253. 
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^■fit»  atoiDfi  hydrogen,  of  course  reduce  the  atomic  wciglit    s«t.n. 
Hlydrogen  to  0-0625*  and  that  of  azote  to  0-875.     Hence 
^■jr  eomider  the  atomic  weight  of  ammcmia  as  only  1  '0625^ 
^H  nam  her  approaching  tins  very  nearly, 

^W)r»  Henry  discovered  that  when  aiiimoniac*il  ga*^  h  mixed  SSJh^Srtra 

vkh  oxy'gen  it  detonntes  by  the  electrical  spark.     But  when 

tfe  qnandtv'^  of  oxygen  necessary  for  consuming  the  whole 

lyvlro^n  of  tlie  gas  is  added  at  first,  there  is  formed  by  the 

ocpkuriofi  a  quantity  of  nitric  acid,  wldch  prevents  us  from 

'^t^Mh-        Tie  true  composition  of  the  ammonia.     He  pro- 

^HRUi  to  add  to  the  aminoniacai  gas  at  first,  a  smaller 

^■ndty  of  oxygen  than  is  requisite^  and  to  fire  the  mLxture. 

^B  tke  residual  gas,  after  the  first  detonation,  an  additional 

Bk  of  cvxygren  19  added,  and  the  detonation  repeated     Suppose 

we  hare  100  volumes  of  ammoniacal  gas  in  the  eudiometer, 

wU  50  Yoltnnes  of  oxygen,  and  pass  an  electrical  spark  through 

Ibr  nuxtttre*     The  oxygen  will  be  entirely  consumed.     Add 

Badditioiial  volumes  of  oxygen  and  detonate  again.     Note 

^m  diminution  of  bulk.     Onc-tliird  of  it  denotes  the  oxygen 

Hpnraied*      This  added  to  the  first  50  volumes  of  oxyen  used, 

^B  give  the  whole  oxygen  consimied,  the  doitlile  of  that  gives 

^■1  the  volume  of  hydrogen  in  the  ammonia.     This  quantity 

^■iracCed   from  double   the  volume   of  the  ammoniacal  gas 

^BB8llpo«<ed,  leaves  the  volume  of  azotic  g*is.*      I  have  tried 

^B  method  and  obtained  tolerable  approximations  from  it,  but 

ktve  not  found  it  so  exact  as  the  tedious  method  of  decompos- 

^B  the  ammonia  by  electricity. 

^TOat  the  action  of  chlorine  on  ammonia  may  be  employed  to  J***^p^7* 
gtre  119  the  volume  of  azotic  gas,  which  it  contains  with  rigid 
enetnen.  It  was  first  observed  by  Scheele  that  when  chlorine 
md  tamMOm&f  each  dissolved  in  water,  are  mixed  together, 
aunie  gas  is  disengaged  and  sal  ammoniac  formed.  When 
tkie  two  bodies  are  mixed  in  the  gaseous  state,  a  sudden 
€aiatiu!»tioti,  attended  with  detonation,  talves  place.  If  into  a 
bottle  holding  two  or  three  pints  of  chlorine  gas  we  pour  about 
i^mehta  of  strong  solution  of  ammonia,  the  two  gases  gradually 
•ixasicl  detonation  takes  place.  But  these  phenomena,  though 
cmemB  and  instructive,  are  not  of  a  nature  to  gi^-e  us  correct 
ttthtmatioii  respecting  the  constitution  of  ammonia.  But  by 
aoBS  of  the  chloride  of  lime  or  Umehirff;  fmitrier^  we  may,  by 
proper  mana^meiit  decompose  a  quantity  of  ammonia  united 

•  Phil,  Trans.  1809. 
1.  L 
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Chap.  XL  to  a  base,  and  collect  the  whole  azotic  gas  ^ehich  it  ccmtttBib 
Tlie  method  of  proceeding  is  the  following.  Fill  the  belly  d 
a  small  retort  with  chloride  of  lime  reduced  by  water  to  Ae 
consistency  of  cream.  Introduce  into  it  by  the  tubular  19a 
grains  of  dry  sal  ammoniac  wrapt  up  in  paper,  put  in  the  gnml 
stopper,  and  rapidly  plunging  the  retort  into  a  trough  of  vilff 
drive  out  all  the  air  from  the  beak.  Then  insert  the  bol 
into  a  small  water  trough,  below  an  inverted  grlass  jar  fflU 
with  water.  In  a  few  minutes  the  paper,  in  which  the  d 
ammoniac  was  uTapt,  becomes  sufficiently  moist  to  Md 
and  leave  the  ssd  ammoniac  exposed  to  the  action  of  the  cU^ 
ride  of  lime.  The  ammonia  is  decomposed,  and  azotic  g»  » 
given  out  briskly.  The  mean  of  7  experiipents  gave  me  IK 
cubic  inches  of  azotic  gas  from  13*5  grains  of  sal 
Now  sal  ammoniac  is  composed  of 

1  atom  muriatic  acid         .         .  4-625 

1  atom  ammonia  .         .  2-125 

6-75 

Consequently  13*5  grains  of  it  contain  4*25  grains  of 
Now  11*8  cubicinches  of  azotic  gas  weigh  3*57  grains.    Hcv 
ammonia  is  composed  of 

Azote  .        3*57  or  1  volume 

Hydrogen  0-68       2-66  volumes 

4*25 

This  result  gives  the  quantity  of  azote  rather  in  eic* 
This  small  excess  \ni8  probably  derived  from  the  water,  itt 
had  indeed  been  boiled;  but  wliich  might,  and  probaUf  1^ 
absorb  air  from  the  atmosphere  during  the  experiment  b 
24  hours  usually  elapsed  before  the  volume  of  azotic  gtf  ^ 
determined. 
Ammonium  9.  There  is  a  curious  experiment  for  which  we  are  indeta 
to  Berzelius  and  Pontin,  from  which  it  has  been  concludedtb 
azote  is  capai)lc  of  uniting  vidtli  4  atoms  of  hydrogen,  and 
forming  a  compound  to  which  the  name  of  amtnonium  hask^ 
given.  This  ammonium  is  supposed  to  possess  the  chtfVii' 
of  a  metal.     Sal  ammoniac,  according  to  Berzelius,  is  a  fl* 


what 


pound  of 


1  atom  chlorine  .         .  4-5 

1  atom  ammonium         .         •  2-25 

6-75 


I 
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The  atomic  wei<yfht  of  aminonium  is  2*i25.  The  experiment  upon     s«^"- 
which  these  coiicliLsion?i  depend  18  as  follows. 

Mereury,  at  tlie  ru'i^tive  end  of  a  ^Ivaiiie  hattery,  is  placed 
ill  eontact  with  n  Solution  of  ammonia,  imd  tht*  circuit  coni- 
plete<L  It  g-nidually  inerea<?es  in  volume,  and^  when  expanded 
to  fonr  or  five  times  its  former  bidk,  becomes  a  soft  solid.  The 
experiment  is  easier,  and  the  amalgam  more  permanent^  if  sal 
ammoniac  slightly  moistened  be  substituted  for  liquid  ammo- Amai«amoi: 
nia.  Davy  made  a  cavity  in  a  piece  of  sal  ammoniac  slightly 
moistened,  placed  it  on  a  plate  of  platininn  attached  to  the 
positive  entl  of  the  galvanic  battery,  put  into  the  cavity  about 
50  ff rains  of  mercury,  and  brought  in  eontiict  with  the  mercury 
II  platinum  wire  attached  to  the  uei^ative  end  of  the  battery* 
A  stron*^  effervescence  took  place,  much  heat  was  evolved,  and 
the  fj^lolmle  in  a  few  minutes  had  enlarged  to  five  times  its 
original  bulk,  and  had  the  appearance  of  an  amalgam  of  zinc* 
This  amaliram,  at  the  tempeniture  of  70°  or  80®,  is  a  soft  solid 
of  the  consistence  of  butter;  at  3*2^  it  is  a  firm  crystallized 
mass  in  which  small  facets  appear,  but  having  no  perfectly 
defined  form*  Its  specific  gra^dt)^  is  below  S,  When  exposed 
to  air  it  soon  becomes  covered  with  a  white  crust  of  carbonate 
of  ammonia.  When  thrown  into  water,  a  quantity  of  hydro- 
gen is  evolved  equal  to  half  its  bulk,  the  mercury  is  revived, 
and  tlie  water  becomes  a  weak  solution  of  ammonia.  When 
confined  in  a  given  portion  of  air,  the  air  increases  eonsidembly 
in  volume,  and  pure  mercury  reappears,  Ammoniacal  gas 
amounting  to  H  or  II  the  vohmie  of  the  lonalgam  is  evolved, 
and  a  tpiantity  of  oxygen  eqmd  to  ith  or  ^th  of  the  ammonia 
distippears.  When  thrown  into  muriatic  acid  gas  it  becomes 
coated  with  muriate  of  ammonia^  and  a  little  hydrogen  is  dis- 
engaged. In  sulphuric  acid  it  becomes  coated  with  sulphate 
of  ammonia  and  sulphur.  All  attempts  made  by  Davy  to  pre- 
serve this  amalgam  failed,  owing  to  the  impossibilitj^  of  freeing 
it  entirely  of  water*  When  put  into  a  glass  tube,  or  when 
confined  under  naphtha  or  oils,  the  mercury  separated,  ammonia 
was  formed,  and  a  quantity  of  hydrogen  evolved.* 

The  result  of  the  experiments  of  Gay-Lussac  atid  ITienard 
fe,  that  this  amalgam  is  a  simple  combination  of  mercury  and 
ammonia.  But  we  are  not  able  to  form  »ueh  a  combination 
by  any  otlier  method  than  the  one  just  described.     Nor  do  we 


•  Dave's  Electro-chemical    Researches  on  the  Decomposition  of  the 
Earths,  &c.     Thil  Trans.  1RU«. 
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know  any  example  of  merciirj-  being  capable  of  amalgamating 
with  any  substance  except  a  metal.  Wben  it  unites  witL 
other  bcwlies,  ua  oxygen,  sulpbur,  oilsj  &c.  it  always  loses  its 
metallic  lustre.  The  nature  of  this  amalgam  is  still  involved 
in  obscurity.  The  circumstance  that  when  the  amalgam  ig 
destroyed,  ammonia  and  hydrogen  gas  are  always  evolved,  and 
that  these  bodies,  together  with  the  mercury,  equal  tlie  weight 
of  the  amalgam,  gives  some  plausibility  to  the  notion  of  Ber- 
xelius;  but  it  ainnot  be  considered  as  proved^  and  far  less 
adopted  as  an  established  principle. 

10.  Ammonia  possesses  the  characters  of  an  alkali  very 
decidedly.  It  neutralizes  the  acids,  and  forms' with  them  salts, 
many  of  which  are  well  knovra,  and  of  considerable  importance. 

VI L  It  would  be  difficult  to  give  a  table  of  the  order  in 
which  the  different  bodies  which  unite  with  azote,  decompose 
these  compounds.  None  of  them  can  be  considered  as  very 
intimate,  since  they  can  all  without  exception  be  destroyed  by 
the  application  of  a  sufficiently  strong  heat.  In  this  respect, 
they  differ  exceedingly  from  the  compoimds  of  hydrogen. 

It  is  curious  that  the  compounds  of  aasote  and  oxygen  are 
all  supportei-s  of  combustion ;  while   those  of  hydrogen  ani 
oxygen  are  not  so. 

VIIL  Cliemists  have  been  inclined  to  consider  azo(€  as 
compound,  and  many  attempts  have  been  made  to  decompose 
it,  though  without  success. 

SECTION  III. — OF  CARBON, 

Carbon  exists  in  immense  quantities  in  the  vegetable  king- 
dom, and  is  easily  obtained  by  heating  tvoods  in  close  vessels 
in  a  state  of  greater  or  less  purity*  It  exists  likewise  in  the 
earth  in  two  distinct  states,  which  are  distinguitjied  by  the 
names  of  anthracite  and  plmnbago.  It  occurs  iJid^i^  in  another 
state  in  which  it  is  crystallized  and  transparent.  In  this  state  it 
is  called  diamond.  There  is  still  another  state  in  which  this 
substance  exists  seemingly  in  considerable  purity*  In  tliis 
state  it  has  been  known  only  since  the  general  use  of  coal  gas 
to  illuminate  the  streets.  It  may  be  called  coai  gan  charcoal. 
It  will  be  proper  to  give  a  short  description  of  each  of  tliei 
different  sid.)stances  or  states  of  carbon, 

1,  Wood  charcoal  may  be  obtained  in  tM^o  very  different  stat 
which   it  is   necessary   carefully   to  distinguish-      If  we   put 
pieces  of  wood  into  a  stone- ware  retort,  and  expose  to  a  heat 
nearly  equal  to  that  at  which  mercury  boils,  and  keep  it  at  that 


e 

1 


] 


A 
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tJ  nifH*niture,    till  all   vapours  cease  to  be  emitted,  and  tKeii     Sc^-  i«f. 
Aiiiw  the  whole  to  cool,  we  obtain  a  blaek  sbiniog  mass  having      " 
tin?  fikipe  of  the  ptecea  of  wood  employed;  but  much  lighter.  ^M 

TTto  may  be  cfillect  charcoaL  formed  at  a  temperature  IjeJow  iit  Formed 
igmUmL  It  bums  very  well  and  very  readily;  but  during  the  h^i!'*"'*' 
combustion,  it  gives  out  both  some  smoke  and  fiome  flame.  It 
'm  mom-€xmdttciar  of  electricity,  and  caimot  be  employed  as 
of  the  elements  of  the  galvanic  pile.  It  is  a  very  bad 
actor  of  heat;  «o  much  so  that  one  extremity  may  be 
fi|bted,  w^bile  the  other  extremity  is  held  in  the  hand. 

S.  If  the  beat  be  raised  tjQ  redness,  and  kept  at  that  temper-  9d.  Pomsed 
itiirr  till  all  fimoke  and  vapour  cease  to  be  emitted,  and  then  ** " 
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ibe  retort  to  cool,  the  charcoal  obtained  Ls  black,  and  as 
ii  the  fbrmer  case^  has  the  shape  of  the  pieces  of  wood  from 
vliieli  it  was  formed.  It  is  now  an  excellent  conductor  of 
dMiicttjr,  and  may  be  substituted  for  one  of  t!»e  melais  in  the 
fdiaaie  pile.  It  is  also  a  good  conductor  of  heat,  and  not 
Miriyso  comViustible  as  the  first  species  of  charcoal.*  This 
Mood  kind  of  charcoal  may  be  called  charcoal  formed  at  a 
nd  lieaU.  It  in  the  species  in  common  use,  and  is  always 
when  chemistB  speak  of  charcoal,  unless  the  con* 

he  dintinctly  stated. 

for   common  purposes  is  most  commonly  made  common 

frtrcA.     The  faggots  are  piled  up  into  a  kind  of  cone,  and 


eorered  with  turf  to  exclude  the  air,  except  by  a  few 
hfdies  left  open  at  the  bottxim.  They  are  lighted,  and  in 
ooiaequence  of  the  small  supply  of  air,  burtt  with  a  smothered 
%mmw.  As  the  combustion  ascends,  the  holes  at  the  bottom 
up,  and  new  ones  opened  higher  up.  When  the 
to  give  out  smoke  and  vapour,  all  the  holes  are 
iIMv  and  the  combustion  put  an  end  to.  The  process  requires 
Ii  be  carefully  watched,  to  prevent  waste  from  too  rapid  com- 
Iwtiop.  The  slower  the  process  is  conducted,  the  greater  Ls 
Ife  f|isai>tity  of  charcoal  obtained.  100  ll)s,  of  wood  yield 
about  16  pounds  of  charcoal.  But  when  the  wood  is 
in  a  retort,  the  quantity  of  charcoal  amounts  to  28  per 


ClHUPeoal  IS  insoluble  in  water.     It  is  not  aflFected  (provided  P^opetiw. 
dttl  ftO  air  and  moisture  be  excluded)  l»y  the  most  violent  heat 
ihich  con  be  applied,  excepting  only  that  it  is  rendered  much 

•  See  Cbeuvreusse,  Aim.  de  Chinu  et  d^  Phys.  xiim.  426. 
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cb«n  II.  harder  anil  more  brilliant**  It  k  much  less  liable  to  putiifytf 
rot  tliaii  wood,  and  k  not  therefore  so  ^t  to  decay  by  agk. 
This  property  ha;^  been  long  known.  It  was  cmstami^ 
among  the  ancients  to  char  the  outside  of  those  stakes  whid 
were  to  be  driven  into  the  ground  or  phiced  in  M^ter^inoril 
to  preserve  the  wood  from  spoiling;.  New-made  charooftlilf 
being  rolled  np  iii  clothes  which  have  contracted  a  disagreeJI 
odour,  effectmdly  destroys  it.  When  boiled  with  meat  bcgi^ 
niiig  to  putrefy,  it  takes  away  the  bad  taiiit.  It  is  perby 
the  best  teeth-powder  IvJiown.  Mr.  Lowitz  of  Petersbuigllta 
shoi^ii,  that  it  may  be  used  with  advantage  to  purify  a  gtii 
variety  of  substances.! 

When  putrid  water  at  sea  is  mixed  with  about  ^th  ofil 
weight  of  eliarcoal  powder  it  is  rendered  quite  fresh,  i^ 
a  much  f^inidler  t|uuntity  of  charcoal  will  tjerve  if  the  [jrecauW 
be  tiiken  to  add  a  little  sulphuric  acid  previously  to  the 
If  the  water  casks  be  charred  before  they  are  filled  with 
the  liquid  remains  good  in  them  for  years.  This  p 
ought  always  to  he  taken  for  long  sea  voyages.  The 
precaution,  when  attended  to  for  \i'ine  casks^  will  be  found 
much  to  improve  the  quality  of  the  wine.| 

New-inadc  charcoal  a!>sorl)s  moisture  with  avidity.     M< 
Allen  and  l^epys  found,  that  when  left  for  a  day  in  the 
air,  it  increased  in  weight  about  12|  per  cent.      Tlie 
part  of  this  increase  was  owing  to  moisture  wliich  it 
again  copiously  when  exposed  under  mercury  to  the 
214^1 

When  freed  from  the  air  which  it  may  contain,  e; 
heat  or  by  being  |>laced  under  an  exhausted  receiver,  ithn 
property  of  absorbing  a  certain  quandty*  of  any  gaseous 
in  which  it  may  be  placed.     Lametlierie  made   some 
ments   on   this  subject  many   years  ago-H      Count    M( 
made  many  curious  observations  on  the  quantity  of  diftto^ 
gases  absorbed  by  charcoal.^     These  were  varied  and  extend 

*  This  property  uas  well  known  to  the  older  chemists.  See  Hoffii^^ 
Observaiiones  Phyaico-CliymicsE  8eiectiorcs,  p.  298. 

f  See  upon  the  praperties  of  charcoul  the  experiments  of  Lowit2,0^ 
Annals,  ii.  J05.  EngL  Trans,  and  of  Kels,  ibid,  iil  270. 

I  Bertholiet,  Ann.  tic  Chim.  \lx.  f»6  ;  and  xciii.  150- 
5  Allen  and  Pepys  on  the  quantity  of  carbon  in  carbonic  ndd.  N 

Trans.  1807. 

II  Jour,  de  Phye.  xjtx.  309. 
^  Jour,  de  Physt  1783,  p,  376.  Nicholson's  Joumul,  Ix,  25^ 
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ftdll  fiirilior  by  Messrs.  Rouppe  and  Van  Noorden  of  Rotter- 
iaxfu*  But  iJie  moHt  complete  arul  satistWtory  set  of  experi- 
meats  on  the  absorption  of  gased,  by  charcoal,  has  beeo  made 
fcjr  M.  Tbeodore  de  Saussure.f  His  metliod  was  to  eat  tlie 
lit  of  charcoal  retl  hot,  to  plunge  it  while  in  that  state  under 
aierciiry.  atid  then  to  introduce  it  when  cold  into  the  gm  to  be 
examined.  He  always  employed  box-wood  charcoal.  The 
fbUowing  table  exhibits  the  bulk  of  the  various  gases  absorbed 
hf  a  volume  of  cliareoal  reckoned  one : 

Ammoniacal  gas  ,         .  .         .  90 

Muriatic  acid        .....  85 

Sulphurous  acid  .         ,  .  .  65 

Ailphuretted  hydrogen  ...  55 

Nitrous  oxide        ,  ♦  *  .  .  40 

Carbonic  acid        ,  ,         *  ,  .  35 

Olefiant  gas 35 

Ckfbonie  oxide  ....  9*42 

Oxygen 9*25 

AsoCe 7*5 

OacyKsarburetted  hydrogenf  .         .  5* 

Hydrogen  .....  1'75 

The  absorption  of  ail  tliese  gases  terminated  at  the  end  of 
f4  bouTA,  and  was  not  increjised  by  allowing  the  charcoal  to 
Fcmatn  in  contact  unth  the  gas.  From  SauHsure's  experiments 
It  teems  clear  that  thin  absorption  of  ttie  gases,  by  charcoal,  is 
to  the  capillary  attraction  of  liquids  by  very  small 
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When  charcoal  already  saturated  with  any  gas  is  put  into 
f  gas,  it  gives  out  a  portion  of  the  gas  already  absorbed, 
abftorbs  a  portion  of  the  new  gas.  The  proportions  vary 
ing  to  the  relative  absorbability  of  the  two  gases. 
Ckirooal,  supposing  it  to  have  been  exposed  to  a  sufficiently  ^J^***  **' 
l^gk  lemperature,  contains  very  little  else  than  carbon.  If  we 
it  in  a  platiimm  tray,  kept  at  a  red  heat,  and  exposed 
freely  to  tlie  action  of  the  atmfj^phere,  a  small  quantity  of 
wliit4?  a»b  always  remains.  This  consists  partly  of  potash  and 
partly  of  the  various  allailine  and  earthy  salts  that  exist  in 

*  i^niL  cie  Chim.  xxxii.  3. 

f  Annals  of  Philosopby,  vi.  241,  ami  33  h 

I  Gas  from  moist  charcoal  of  the  spcciEc  gravity  0'3326. 
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wood*  TLe  quantity  of  tlik  ash  varies  in  Uie  charcoal  obtsuued 
from  different  woodis.  When  charcoal  h  burat  in  close  veadi 
traces  of  water  iUways  appear,  indicating  the  presence  eitkei rf  I 
hydrogen  or  of  water  in  the  charcuaL  From  Da\^'s  exper 
we  learn  that  the  qnantity  of  hydrogen  in  well-burnt 
h  very  small,  as  the  water  formed  al\^Tiys  totally  disappooil 
standing,  being  not  more  than  can  asf$ume  the  form  of  vapocr. 
at  the  common  tempemtm-e  of  the  air  in  the  volume  of  oxyg^J 
gas,  necessary  to  eonsiune  the  chiu'coaL 

The  specific  gravity  of  charcoal,  when  taken  in  the 
way,  appears  small ;  for  it  floats  in  water.     Yet  if  we  reArf^ 
it  to  a  fine  powder  it  sinks  readily  in  tliat  liquid.      Wlieo  w  I 
take  the  specific  gravity  of  charcoal  by  the  method  invented  in 
M.   Say,*   and  lately  improved  by  Professor   Leslie,  whiiJ 
enables  us  to  exclude  all  the  ca\4tiea  filled  with  air,  and  i 
to  estimate  the  bulk  and  weight  of  the  i&olid  portion,  the  f 
gravity  comes  out  about  3*5,     Hence  the  apparent  lighl 
merely  owing  to  the  numerous  cavities  which  the  cl 
tains,  and  to  which  tlie  water  into  which  w^e  plunge  it 
penetrate. 

2.  The  mineral  called  anthracite  occurs  most  eommonlri 
the  tratisition  formation,  though  there  are  well  known 
pies  of  it^  occiu-rence  in  considerable  qmmtity  among  the « 
mon  coal-beds.  Thus  it  occurs  on  the  bajiks  of  Ajt  rifcr^ 
Ayrshire,  I  suspect,  too^  tliat  the  culm  of  Wales  occiBi  f 
the  common  coal  betls,  though  I  am  not  aware  tliat  itS] 
has  been  accurately  investigated.  Tlie  Kilkenny  coal  in 
land,  w4iich  Is  a  species  of  aruhracite,  occurs  in  the  coal  i 
nmtion.  There  is  a  thick  bed  of  anthracite  in  the  stalf  1 
Pennsylvania,  extending  above  100  miles  in  lengthy 
parallel  to  the  Blue  Mountains,  and  partly  along  the  banklJ 
the  Susquehanna.  The  countryj  as  Mr.  Maclure  infonni  1 
is  transition ;  but  the  beds,  as  described  by  Mr,  Cbt,  amli 
the  vegetable  remains,  are  similar  to  those  w^iich  occur  mi 
common  coal  formation.!  A  similar  bed  of  anthracite  o 
in  Khode  Island  ;f  and  another  of  great  extent  along  the! 
of  the  Arkansas,  as  we  are  informed  by  Mr.  Bringier,§ 

Anthracite  was  called  by  Werner  glance  cocU  from  its  i 
rior  lustre.     In  this  country  it  is  known  by  a  variety  of  i 


♦  Ann.  dc  Chim.  xxiii.  1 » 
X  Ibid.  xi.  78. 


t  Silliman's  Journal,  vt*  t 
§  Ibid.  iiL  41. 


F 


CAIIBON. 


according  to  its  locality  or  tlie  me  to  wbicli  it  h  put.  That  at  *^*-  "^ 
Cvnmock,  and  on  tJte  Ayr  in  Ayrshire^  is  commonly  called  ffiark 
itmdm  It  is  called  blind  coai^  because  it  burns  without  flame ; 
JImi  eoaif  when  much  contaminated  with  earthy  matter.  Hiose 
ficieCies  which  admit  of  being  cut  into  ornaments  are  called 
jOf  and  Mimetimes  pitch  co€iL 

The  colour  of  antliracite  is  black,  and  its  hLstre  usually  propcnitt. 
ipklfdent.  When  the  fracture  is  coiichoidal  the  ntinerul  is 
pde,  and  it  approaches  the  colour  of  lead ;  when  foliated  the 
kstre  is  semimetallic,  and  it  approaches  the  colour  of  copper. 
TW  «|iectfic  gravity  is  about  1-4354,*  Some  varieties  are  said 
Cftbe  <ii4  hi^h  as  1-5,  or  even  higher;  but  I  have  not  myself 
me%  w\lY\  any  specimens  having  a  specific  gravity  so  high  m  1*5. 
Aalhiadte  is  easily  broken  and  reduced  to  powder.  It  burns 
villioilt  flame,  and  requires  a  high  temperature  to  set  it  on  fire. 
After  the  combustion  there  remains  a  small  quantity  of  ashes, 
vliicli  constituted  a  foreign  matter  aceidentidly  mked  witli  tlie 
mthracite.  From  the  experiments  of  Mn  Lartlner  Wnnxem 
it  would  appear,  also,  that  water  constitutes  an  ingredient  in 
Wtkiacite,  doubtless  only  mechanically  Imlged  in  t!ie  pores  of 
tile  mineral*  He  analyzed  a  number  of  specimens  of  anthra- 
cilr,  and  obtained  the  following  results  :f 

I  1,  A  very  pure  Lehigh  specimen,  coo*tit«»ti. 

^P      Ckircoal dOa 

1^^      Water  6-6 

I -  .  f  Silica  •         .         •         .  1-2 

^H      Ashes  com-  )  . .      .  .  , 

^^K  ^^^    ^\  Alumma      ....  v\ 

^^m  poeea      L  Oxides  of  iron  and  manganese  0'2 

L 


I 


! 


dd-2 


2,  Rhode  Island  Anthracite, 

"Charcoal 90-03 

Water 4  90 

SiUca 2  14 

^  Qxide§  of  iron  and  manganese     .  2'dO 


Asbes  i  ' 


99-57 


•  Tins  ts  the  spedEc  grnviey  of  Kilkenny  coal     See  Atinals  of  Philoso- 
flij  (  Ul  series)^  xv.  'S9^. 
t  8afiaian*«  Journal,  x.  10«. 
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ctM^ii'  3.  Another  Rhode  Island  specimen. 

Charcoal 77*7 

Water              6-7 

SSiUca 8-5 
Alumina  trace,  oxides  of  iron  and 

manganese       .         .                 .  7*1 


100-0 


I  analyzed  Kilkenny  coal  by  heating  it  with  black  oxide  of 
copper,  and  collecting  the  carbonic  acid  formed.  One  grain 
of  the  coal  thus  treated  yielded  7*06  cubic  inches  of  carbonic 
acid  gas,  which  is  equivalent  to  0-913  grain  of  carbon.  One 
grain  of  the  coal  when  burnt  completely,  left  0*04  grain  of  a 
reddish  brown  earth,  consisting  of  a  mixture  of  silica  and  oxide 
of  iron.     Hence  the  constituents  of  Kilkenny  coal  were. 

Carbon         .         .         .         .         91-3 
Ashes  ....  4-0 

95-3 

The  loss  amounting  to  4*7  per  cent  I  ascribed  to  the  presence 
of  oxygen  in  the  coal.  It  could  not  have  been  owing  to 
hydrogen,  otherwise  water  would  have  been  formed.  Had  it 
been  owing  to  azote,  a  mixture  of  that  gas  with  the  carbonic 
acid  in  the  receiver  would  have  been  detected.*  If  the  loss 
be  really  oxygen,  then  Kilkenny  coal  is  a  compound  of 

1  atom  oxygen  =     1 
26  atoms  carbon  =z  19*5 

20*5 

3.  Plumbago.  This  mineral  occurs  in  detatched  masses  in 
primitive  rocks,  gneiss,  mica-slate,  granular  lime-stone,  and 
serpentine.  It  occurs  also  in  greenstone  and  amygdaloid, 
though  much  less  frequently.  We  have  no  sufficient  evidence 
that  the  ancients  were  acquainted  with  it.  But  it  has  been 
employed  for  the  manufiEicture  of  black  lead  pencils  for  at  least 
three  centuries.  The  plumbago  mine  at  Borrowdale  in  Cum- 
berland began  to  be  wrought   during   the   reign   of  queen 

*  See  Annals  of  Philosophy,  xv.  394. 
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EGabetli.     This  is  the  mine  which  yields  the  only  phimbago    am.  ut 
kncnm  to  answer  for  making  black  lead  peiieik ;  tljuugh  I  liave  '       ' 
been  lold  by  some  pencil  makers,  that  Spanish  pkimbago  is 
ibo  ii»ed  for  the  same  pnrpose. 

Werner  gave  jdiimbago  the  name  oigraphit€j  in  consequence 
•f  ttt»  use  in  the  manufactory  of  pencils.  In  thb  eontiCry  it  is 
mmiXy  caUed  black  lead*  It  was  not  distlnguislied  from  moigb- 
iam  till  Seheele*s  experiments  upon  it  became  known  ti»  the 
world, 


Pliimbi^^  is  a  soft  mineral  having  a  greasy  feel,  the  metallic  ProiJcrti«,  ^ 
bntre,  and  a  colour  approaching  that  of  iron.     It  is  sectile  and 
toi^li.      It  sometimes  exhibits  a  foliated  texture,  while 

no  such  texture  am  be  distinguish ed.  It  is  said  to 
hBre  been  met  with  crystallized  in  six-sided  prisms,  with  a 
desvage  parallel  to  tlie  base  of  tlie  prism.  ItJ*  specific  gravity 
miea  from  1*9  to  2*3*2.  Like  charcoal  it  is  a  conductor  of 
eketriei^*  When  strongly  heated  it  consunies  away  without 
luCf  leaving  usually  a  yellow  coloured  ash,  \Mien  thrown 
Irtu  ttltpetre^  previously  heated  to  redness^  it  deflagrates  with 
a  ■§  irictlently  as  charcoal  does.  From  the  experiments  of 
Diry  It  appears,  that  wlien  burnt  in  oxygen  gas,  not  only  car- 
knic  acid  but  a  little  water  Ls  also  formed.  But  the  quantity 
rf  water  is  very  small^  being  less  than  is  yielded  even  by  well- 
bvsl  diareoal*  Hence  plumbago  consists  essentially  of  e:ir- 
boB.     Tlie  aish  w4iich  remaijis,  and  which  is  obviously  a  toreigu 

varies  verj"  much  both  in  its  quantity  and  coiistitu- 
will  appear  from  tlie  following  analyses  of  diiierent 
fweties  of  tliis  mineral. 


L  Specif tiefts  analyzed  by  Mr.  Vanuxem.* 

Carbon         •         88-37  .  .  61-27  .  .     95*4 

Water          •           1-23  .  •  5-3:3  .  .  0*6 

Silica            •           5-10  .  .  10*10  .  ,  2-6 

Alumina       .            1-00  .  .  3*20  .  .       

Oxides  of  iron  and 

nuuig-dnese          3-60  .  ,     20*00  .  .  !-4 


Conitltiieiiti,, 


99*30  99*90  100-0 

,  X-  105.  The  first  specimen  was  from  Ikurowilftle,  an  J 
teiy  pone.  The  second  from  the  same  locality,  but  impure ;  the  third  wa* 
•  tiry  pcif«  spedoieo  from  Bustletown,  Pennsylvania. 
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"'     II.  Specimens  of  ashes  from  English  and  Spanish  Plumbago^ 
analyzed  by  Schroder.* 

200  grains  of  the  ashes  of  a  compact  graphite  from  Borrow- 
dale  gave, 

Protoxide  of  iron         .         .         .         11*6 
SiUca  ...  7 

Alumina  ...  4*6 

Titanic  acid  ...  6-3 


29-5 


200  grains  of  the  ashes  of  a  specimen  of  Spanish  g^raphite 
gave, 

Protoxide  of  iron  .         .         .         14-2 


SiUca 
Alumina 
Oxide  of  copper 
Titanic  acid 


3-0 
2-4 
10 
31 


23-7 

It  is  obvious  enough  that  the  oxide  of  iron  and  alumina  wert 
in  combination  with  the  titanic  add  and  silica,  and  consequently 
that  the  opinion  of  Berthollet,  that  plmnbago  is  a  compoui^ 
of  carbon  and  iron,  cannot  be  well-founded. 
DiamoDd.  4.  The  diamond  is  a  mineral  which  has  been  known  and 

prized  from  the  earliest  ages  on  account  of  its  beauty  and 
scarcity.  For  many  years  it  was  obtained  only  in  India,  where 
it  appears  to  occur  in  an  alluvial  soil,  or  in  a  sand-stone  breccia 
composed  of  fragments  of  jasper,  quartz,  chalcedony,  and  horn- 
stone,  cemented  together  by  a  quartzose  paste,  passing  into  a 
puddingstone  composed  of  rounded  pebbles  of  the  same  sub- 
stances, cemented  by  an  argillo-caleareous  earth.f  Towards 
the  beginning  of  the  18th  century  diamonds  were  accidentally 
discovered  in  the  district  of  Cerro  do  Frio,  in  Brazil ;  and 
since  that  period  they  have  been  found  in  various  other  pro- 


•  Annals  of  Philosophy,  i.  294. 

f  This  is  Mr.  Voysey's  account  of  the  structure  of  the  Nalla  Malla  Moun- 
tains in  Hmdostan,  where  diamonds  occur.  See  Phil.  Mag.  (2d  series), 
i.  147. 


rinces  of  that  extensive  eountiy.     It  is  from  Brazil  tliat  by  far 

the  greater  immbor  of  diamoatb  tor  the  Kiiropeau  market  come. 
The  kicftlities  in  Brazil  where  diiunoiids  are  ftjuiid  are  all  aUu- 
viaL  But  from  a  specimen  described  by  Mr,  Hcidaiid,*  there 
IR  reason  to  suHpeet  that  the  real  matrix  of  the  diamond  in  that 
country  in  a  brown  iron  Rtone,  which  occnrs  in  thick  veins  or 
beds,  resting  on  chlorite  slate  ;  and,  therefore,  either  tranm- 
Hon  or  prhnunj;  most  likely  the  latter.  It  k  said  that  dia- 
monds have  lately  been  discovered  in  Russian  Siberia;  but 
no  accurate  information  on  the  subject  has  yet  reached  tliis 
country. 

The  diamond  is  usually  white  and  perfectly  transparent; 
though  it  occurs  also  red^  green,  yellow,  blue,  and  even  black. 
Its  lustre  is  splendent,  and  so  much  superior  to  tliat  of  most 
other  bodies,  that  it  is  distinguished  by  the  name  of  diamond 
loBtre*  It  is  frequently  crystallized.  The  primary  form  is 
the  regular  octahe^lron;  but  it  occurs  also  in  cubes,  and  in 
rhomboidal  dodecahedrons.  The  faces  are  commonly  curv^ed. 
The  s|>eeific  gravity  varies  from  3-4  to  3'6-  The  most  usual 
gpeeifie  gravity  is  about  3*52.  It  is  the  hardest  hotly  in  !jature. 
Its  texture  is  foliated.  It  is  broken  by  a  blow  without  difficulty. 
It  retracts  singly  and  more  powerfully  than  other  transparent 
bodies  of  the  same  density;  but  incombustible ,  It  is  a  non- 
cwndtictor  of  electricity. 

Til  is  mineral  w^as  long  considered  as  incombustible.  But 
Newton,  from  its  property  of  refracting  light  so  powerfully, 
conjectured  that  it  was  capable  of  burning.  This  conjecture 
was  verified  in  1694,  in  the  presence  of  Cosmo  111,  Grand 
Duke  of  Tuscany,  By  mexms  of  a  burning-glass  the  Floren- 
tine Academicians  consumed  several  diamonds,f  In  1751, 
Francis  I.  Emperor  of  Germany,  witnessed  the  destniction  of 
several  more  diamonds  in  the  heat  of  a  furnace4  These  expe- 
riments were  repeated  by  Darcet,  Rouelle,  Macquer,  Cadet, 
and  I^voisier,  who  proved  that  the  diamond  was  not  merely 
evaporated  but  actually  burnt,  and  that  if  air  mis  excluded  it 
underwent  no  change.^ 

Mr.  LavoLsier  prosecuted  these  experiments  wdtb  liLs  usual 


SKt.  ni. 
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•  Geological  Trans.  (2d  series),  i.  41&. 

f  Giortialc  tie  Litterati  d*  Italia,  tom.  viii.  art.  9,  The  experiments  were 
performed  by  Averani. 

\  I>as  Ncue&te  aus  der  enmuthigen  gelehrsamkeit.  Atis  das  Jahr»  1751^ 
8.540. 

§  Mem,  Par  1766,  1770,  1771,  1772. 
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chMp.  iL  precision  ;  bitnit  diainoiids  in  close  vessels  by  means  of  power- 
ful burning-glasses;  ascertainod  that,  during  their  combustion, 
c[irhnnic  acid  gas  is  formed ;  anti  tliat  in  this  respect  there  Is  a 
striking  analogy  bet^i^een  them  antl  charcoal,  as  well  as  in  tlie 
affinity  of  hoth  when  heated  in  close  vessels,*  A  very  high 
temperatnre  is  not  necessary  for  the  combustion  of  tite  diamond. 
Sir  George  Mackenzie  fiseertained  that  they  burn  in  a  mnfflef 
w^heu  heated  to  the  temperature  of  14^  of  W'edgewomi's 
pyrometer;  a  heat  consiclerably  less  than  is  necessfiry  to  melt 
silver4  When  raised  to  this  temperature  they  waste  pretty 
fiist,  l>urning  with  a  low  flame,  and  increasing  somewhat  in 
bulk ;  their  surface  too  is  often  covered  with  a  crust  of  char- 
coal, esjiecially  when  they  are  consumed  in  close  vessels  by 
means  of  burning-glassea.J 
corapoiedof  lu  1785,  Guytou-Mofveau  found  that  the  diamond  is  com- 
bustible when  droiiped  into  melted  nitre  ;  that  it  burns  without 
leaving  any  residuum,  and  in  a  manner  analogous  to  charcoaL|| 
Mr.  Smithson  l^ennant  repeated  tliis  experiment  with  precision 
in  1797.  Into  a  tube  of  gold  he  put  120  grains  of  nitre,  and 
*2'5  grains  of  diamond,  and  kept  the  mi^cture  in  a  red  heat  for 
half  an  hour.  The  diamond  was  consumed  by  the  oxygen, 
which  re<l-hot  nitre  always  gives  out.  The  carbonic  acid 
formed  was  taken  up  by  means  of  lime,  and  afterwards  separated 
from  the  lime  and  measured.  It  occupied  the  bulk  in  one 
experiment  of  10'*3  ounces  of  water,  and  in  anotlier  of  10*1  : 
the  mean  is  equal  to  19*36  incJjes  of  carbonic  acid*  w^hiefi  have 
been  ascertained  to  weigh  0-19  grains.  Now  9-19  grains  of 
carbonic  acid  contiiin  2*50(i  grains  of  carbon.  This  approaches 
so  closely  to  the  weight  of  the  diamond  burnt,  that  no  donbt 
cjin  remain,  providetl  tlie  experiment  be  accurate,  tliat  diajnond^ 
consists  of  pure  carbon.^  ^H 

The  experiments  of  Lavoisier  were  repeated  in  IBOO  by 
Morveau ;  but  Ins  experiments  were  inaccurate,  as  was  after* 
wards  admitted  by  himself;  his  consequences,  of  course,  are 
entitled  to  no  attention,.  The  combustion  of  the  diamond  in 
oxygen  gas  was  repeated  in  1 807,  with  every  requisite  precau- 
tion, by  Messrs,  Allen  and  Pepys,  and  their  results  agree  very 

•  LiivoiBier's  Opuscules,  li.  us  quoted  by  Mac«jijer.     Diet.  i.  337. 
f  A  mittflc  \h  .1  kind  of  small  earthen -ware  oven,  open  at  one  en  it,  and 
fitted  into  a  liiniace-i 

t  Nicholsion*s  Quarto  Jour,  iv,  104. 

§  Macquer  and  Lavoisier.     Macqtier*8  Diet.  Ibid. 

ti  Encjrc,  Method.  Chim*  i,  742.  1  Phih  Trans.  17*J7,  ju  123 
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ly  with  those  of  Tennant*      It  lia?t  heen  repeaterl  still 
lately  by  Sir  H.  Davy,  witli  nearly  tlie  same  result, f     It 
tiierefore  demonstrated  that  the  diamond  and  cliarcoal 
mt  composed  of  very  nearly  the  same  hasis. 

5-  The  nature  and  state  of  the  charcoal  from  coal  gas  is 
kfUy  desen'ing  of  attention ;  becaitse  it  is  more  likely  than 
ailT  thing'  eke  to  throw  light  upon  the  origin  of  the  diamond. 
Ills  well  knoi^ni  that  coal  gas  Is  ohtained  by  heating  pit  eoid 
in  eUpdcal  iron  retorts  till  it  ceases  to  give  out  gm.     \'ery 
taon  there  is  a  deposition  of  carbonaceous  matter  at  the  inner- 
p  mmt  extremit)'  of  the  retort^  which  gradually  extends  itself 
^^hig  the  sides  to  the  mouthy  and  increases  tn  thickness  in  spite 
^Fdl  the  endeavours  of  the  workmen  to  prevent  it-     When 
ty*  emst  gets  to  a  certain  thickness  it  oceasiotis  such  a  waste 
offtieU  in  consequence  of  its  being  a  bad  conductor  of  heat, 
dbt  the  retort  is  obliged  to  be  hiid  aside.f     This  crust  liaB  jui 
iwn  grey  coloiw,  with  scarcely  any  lustre.     It  exhibits  also 
mmcrous  patches  of  black,  as  if  it  were  eo\*ered  in  tliese  parts 
«ith  lamp-blacL     These  uidicate  the  position  of  the  concentric 
Infers  and  are  composed  of  layers  concentric  with  tlie  walk  of 
die  retort^  though  this  structure  is  not  easily  perceived  in  the 
fieeet  taken  out  of  the  retort.     It  is  not  hard,  being  easily 
leratched  by  calcareoas  span     It  scratches  erj^stals  of  sulphate 
flf  Ume.      Streak  bhick.     It  breaks  with  a  smooth  eartliy  frac- 
tve.      It  is  tough  and  not  easily  pounded,  and  requires  a  high 
lenpeniture  to  burn  it.     Specific  gravity  1-860. 
It  ift  no  uncommon  thing  in  a  gas  manufactory  for  an  iron 
to  crack.      \\"hen  this  crack  is  smailj  and  the  esciipe  of 
put  by  it  m  small,  it  is  still  employed  for  distilling  coal.     In 
meti  there  is  deposited  on  the  inside  of  the  cjise  of  brick- 
in  which  the  retort  is   coated,  a  beautiful  mamilhited 
€>f  carbon.     Its  colour  is  iron-grey,  the  lustre  is  splendent 
metJillic.     It  seems  composed  of  a  kind  of  scales  firmly  com- 
on  each  other,  and  rising  into  imperfect  columns  some- 
like  a  stalagmite.   It  requiresas  liiglj  a  tempeniture  to  burn 
it  m  plttroliago  does.  But  it  exliibits  no  appearance  of  contiuning 
toy  other  constituent  than  pure  carbon.     Its  specific  gravity 
M  I'757.     When  held  in  the  flame  of  a  spirit  lamp  it  becomes 
ird  hot,  but  does  not  burn.      By  this  process  it  loses  a  good 

•  Pliil.  Tnms,  1807.  f  !»>»«!.  1814.,  p.  557. 

b|  ProAnibly  it»  conducting  power  woultl  be  improved,  if  the  retort  con- 
>  it  were  exposed  for  hnlf  an  hour  to  as  high  a  temperiiturc  as  it  could 
'  withoni  fusion. 


JStd  lU, 


Coal  gai  char- 


1*1,  CkiKiiited 


on  &  crock. 


n 


160 


SIMPLE  ACIDIFIABLE  BASES. 


Chap.  11    deal  of  it*  lustre, 
strongly  ignited. 

3d.  DepcMitea 
In  ft  rad  hot 

kHOQ 


Cauie  of  the 


It  does  not  deflagrate  with  nitre  unless  it  be 
The  deflagration  is  tlieii  very  violent. 
There  is  another  appearance,  which  the  carbon  deposited 
from  coal  gas  puts  on  still  more  remarkable.    It  was  disco\^ered^ 
examined,  and  described  with  mncli  skill  and  accuracy,  by  Dr. 
Colquhoun  of  Glasgow,  and  occurred  during  the  trials  of  Mr. 
Macintosh  of  Crossbasket,  to  convert  iron  into  steel,  by  sur- 
rounding it  in  a  state  of  ignition  with  coal  gas.     To  make 
these  experiments,  an  air-tight  iron  chest  was  constmcted,  in 
which   the  specimens  of  iron  to    be  steelified  were    placed- 
The  chest  was  so  placed  in  brick-work,  that  it  could  be  kept  in 
a  state  of  ignition  as  long  as  was  required.     The  gas  was 
introduced  by  a  tnbe,  and  the  excess  was  allowed  to  make  ita    j 
escape,  and  burn  away  by  means  of  a  tube  with  a  narrow  omB 
fice  proceeding  from  the  opposite  side  of  the   chest.     There 
was  a  copious  deposition  of  charry^  matter  during  the  whole  of 
these  experiments;  and  the  deposites  put  on  a  great  variety  of 
appearances;  sometimes  resemlding  lampblack,  only  harsher  and 
harder  to  the  feel;  sometimes  resembling  the  deposites  in  the 
inside  of  the  iron  retorts.   But  by  far  tlie  most  remarkable  deposit 
was  under  tlie  form  of  beautiful  tufts  of  long  capillary  thread 
lying  close  together  like  a  lock  of  hair.     These  threads  varie 
in  length  from  one  inch  to  eight  inches  or  more.    They  varied 
also  in  tlnckuess  from  that  of  the  hair  of  a  horse's  mane  to  the 
finest  filaments  of  a  spider's  web.     The  colour  was  blacky  and 
the  lustre  splendent.     These   hairs   cannot  be  bent  \rithout 
breaking,  but  they  possess  considerable  strengtli  considering 
their  size.     Dr*  Colquhoun  subjected  them  to  a  rigid  analysis; 
but  could  detect  in  them  nothing  but  carbon.*     M'hen  held  in 
the  flame  of  a  spirit  hirap,  they  become  strongly  igniteil ;   but 
do  not  consume  nor  lose  their  appearance.     In  nitre,  strongly 
Ignited,  they  deflagrate  with  great  violence.     All  these  three 
varieties  of  carbon  are  good  conductors  of  electricity.     When 
the  second  variety  is  deflagrated  with  nitre,  it  exhibits  traces 
of  iron;  bnt  the  other  t^'o  varieties  contain  none  of  that  metal, 
I  suspect  that  the  deposition  of  the  carbon  in  these  cases  is 
connected  with  the  affinity  which  exists  bet\*"een  hydrc^en  and 
iron.    Were  we  to  admit  tliat  at  a  certain  temperature  hydrogen 
unites  to  iron,  we  could  easily  see  why  tlie  carbon  shouhl  be 
deposited,  and  why  being  in  a  state  of  the  finest  possible  divi- 
«on,  its  particles  shouhl  be  at  liberty  to  arrange  tliemselves 
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Uy,  TJje  filamentous  form  whMi  it  assumes  in  *««  "i 
probably  depends  upon  the  comparative  slowness  of 
the  eooUn^,  or  on  the  comparative  slowness  of  the  deconiposi- 
tM  of  tbe  gas.  If  we  had  any  method  of  reg-uliitin|j"  the  nipidity 
of  these  decompositions  at  pleasure,  we  sliould  probably  be  able 
lo  procure  regular  crystals  of  carbon.  The  filamentous  state  is 
protiably  a  commencement  of  crystallization.  It  is  very  analo- 
gom  to  asbeiitus.  Now  jis  asbestus  is  a  peeidiar  variet}-^  some- 
tines  of  ampliibole,  and  sometimes  of  pyroxene  ;  perhaps  some 
Egkl  might  be  thrown  upon  the  subject  by  a  careful  examina- 
Am  of  tlte  situation  in  which  asbestus  Ls  founds  and  the  rocks 
vitk  wliicb  it  is  aet&ociated.* 

Of  these  five  states  in  which  carljon  occurs,  we  have  reason 
^  tP  believe,  that  it  Is  purest  or  freest  from  alt  admixture  of 
■■taig'ii  matter  in  the  dianTond,  The  carbon  from  coal  givi 
Wfmem  iiejtt  in  point  of  purity*  If  it  contain  any  other  consti- 
I  tamt  besides  carbon,  it  mast  exist  in  very  minnte  quantity. 
■^thiacite^  plumbago,  and  eliarcoaU  are  also  very  nearly  pure 
mbofi,  if  we  abstract  the  earthy  and  metallic  matters  with 
wUdi  they  are  usually  more  or  less  mixed.  They  contain 
abo  tmoes  of  hydrogen  or  rather  of  water,  from  which  it  is 
fiif  iKficuh  to  free  them.  A  black  colour  and  opacity  are 
A»  Qiujil  characters  of  carbon ;  but  we  see  from  the  diamond, 
lilt  neither  of  these  characters  is  essential.  But  when  carbon 
k  precipitated  from  gases,  it  usually  a|>pears  untler  these  fomis. 
Carbon  combines  with  all  the  supporters  of  combitstion ;  ami 
Skxwwe  with  hydrogen  and  carbon.  Let  us  take  a  view  of 
tloe  eombuiations. 
II.  There  are  three  combinations  of  carbon  and  oxyy^eu  ^omi  three 

1        •  *  I  1  I  •    *       *  1    compounds 

mtinelv,  canHniic  atkf^  cartmnic  o.rtde^  and  o,rattc  and,  with  oxygt-n. 
t  and  thirds  as  the  name  implies,  possess  (;r/^/ properties; 
die  leeoiicl  ts  neutral^  or  at  least  has  not  iiitberto  been  observ^ed 
ti  hove  any  tendency  to  combuie  either  with  bases  or  acids. 

I.  Il  WIM  known  even  to  the  ancients,  that  when  charcoal  is  ][; ,*j''"^'*""*' 

ftC  in  a  given  volume  of  air,  thouj^h  tlie  fmnes  emittetl  are 

lished  by  no  disagreeable  smell ;  yet  the  nature  of  the 

much  altered,  that  judmals  can  no  longer  l»reathc  it 

widioai  death.     The  nature  uf  the  change  thus  in du ceil  in  the 

ttrfWan  ftr»t  investigated  by  Lavoisier.     lie  showeil  that  when 

charcoal  is  burnt  iii  air,  or  in  oxygen  gas,  the  hulk  of  the  fluid 

•  It  i»*rtiriou»  enough  circumstance  j  though  I  cannot  account  for  it,  that 
V  fc»rtn  o(  mint:rala  h  connected  with  their  occurrence  in  serpen*' 
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is  not  altered.  When  pure  oxygen  gas  is  employed,  and  a 
sufficient  quantity  of  charcoal  is  burnt  in  it,  by  means  of  a 
burning-glass,  the  oxygen  totiilly  disappears,  and  is  replaced 
by  an  equal  volume  of  another  gas,  which  had  been  previously 
examined  by  Mr.  Cavendish,  and  which  may  be  obtained 
abundantly,  by  tlissolving  ealcareous  spar  or  chalk  in  an  acid, 
and  collecting  the  gaseous  fluid  which  is  evolved.  Dr.  Black, 
who  first  noticed  this  gas,  called  it  fixed  air.  But  Lavoisier 
having  found  that  it  Ls  equal  to  the  weight  of  the  oxygen  gas, 
and  carbon  consumed,  drew  as  a  conclusion  that  it  is  a  com- 
pound of  carbon  and  oxygen ;  and,  on  that  account,  gave  it  the 
name  of  carlmnic  acid* 

The  easiest  method  of  procuring  carbonic  acid  gas  fe  the 
following.     Put  into  the  Wolfe's  bottle  cr,  ha\dng  two  mouths, 

a  n  imaber  of  fragments 


of 


limestone    or  c*al- 

spar,     eacliH 


careous 

about  the  size  of  com 
mon  beans.    Then  fill 
the  bottle  about  h 
full  of  water.  The  louj 


3 


funnel  6,  is  then  to  be  passed  air  tight  through  a  perforate 
cork  in  one  of  the  mouths  of  the  jar,  and  made  to  pass  to  Uii 
bottom  of  the  bottle.      From  the  other  opening,  the  bent  glas 
tube  <?,  passes  into  die  water  trough  rf,  and  terminates  under 
the  moutli  of  the  jar  e^  filled  wnth  water,  and  standing  inverted 
upon  the  shelf  of  the  trough.     A  quantity  of  muriatic  acid  k^ 
then  poured  through  the  funnel  b  into  the  bottle  ;  an  efferveftJB 
cence  takes  place,  carbonic  acid  gas  is  evolved  in  great  abun- 
dance.    It  passes  along  the  glass  tube  c,  and  speedily  fills  the 
jar  €,     We  should  not  begin  to  collect  it,  till  all  the  atrac 
spheric  air  previously  in  the  Wolfe's  bottle  and  glass  tube,  ha 
had  time  to  make  its  escape.     If  we  put  a  solution  of  eaust 
potash  into  a  glass  tube,  and  let  up  a  little  of  the  gas  into  it  froB 
time  to  tirne^  we  will  be  sure  that  the  carbonic  acid  gas  is  pef 
fectly  pure,  when  it  is  wholly  absorbed  by  the  potash. 

Instead  of  muriatic  acid,  Tve  may  employ  sulphuric  acid 
but  in  that  case,  the  calcareoits  spar  must  be  in  the  state  of  a' 
fine  powder,  and  the  acid,  must  be  diluted  with  three  or  four 
times  its  bulk  of  \i^ter.     In  such  cases,  we  may  substitute  a 
retort  for  a  Wolfe's  bottle,  mid  the  extrication  of  the  gas 

^  MeiiKpariu,  1781,  p.  i48. 
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IfKronioied  by  the  application  of  a  Uunp  to  the  belly  of  the    ^^  "^ 
ihotigli  such  ail  application  is  not  absolutely  necessary. 

The  reason  of  this  method  of  obtaining  carbonic  acid  is 
tliii.  Calcareous  spar  or  limestone,  is  *i  compound  of  lime  and 
mHkmic  orw/.  The  muriatic  or  sulphuric  acid  combines  with 
tlie  lime,  and  sets  tJie  carbonic  acid  at  liberty,  which  aissuming 
tht  gmeov»  slate,  makes  its  escape  from  the  liquid  in  an  aerial 


mic  acid  is  a  gaseous  body,  possessing  the  mechanical  Properti*.. 

^rties  of  common  air.  It  is  invisible  and  colourless.  But 
when  applied  to  the  nostrils,  it  excites  a  pungent  sensation, 
Co  what  is  experienced  when  a  glass  of  brisk  beer  or 

is  held  to  the  nose.     Its  taste  is  that  of  a  weak,  but  dis- 

atiiL 

e  first  experimenters  upon  this  gas  gave  its  specific  gra- 
riljr  below  the  truths  doubtless,  because  they  ^^ere  not  at  suf- 
fieieiit  painn  to  free  it  from  common  air.  According  to  Da\'y, 
100  eubie  inches  at  the  temperature  of  GO*",  and  when  the  baro- 

ftaods  at  30  inches,  weigh  47-11  grains.     This  would 

the  specific  gravity  1*5 1*26*  According  to  the  determi- 
■11011  of  Biot  and  Arago,  the  specific  gravity  is  1-5196; 
Wonling  to  Berzelius  and  Dulong,  it  is  1*5240,  I  found  the 
ipectfic  gravity,  by  a  mean  of  three  trials,  agreeing  nearly  with 
mA  other,  I -5*267. •  The  true  specific  gravity,  as  I  shall  show 
.tely,isl-5*277. 

power  of  refracting  light,  that  of  air  being  1,  isj  according 
tbe  experiments  of  Dulong,  l-526»f  So  that  it  is  nearly 
inportional  to  its  increase  of  specific  gravity  above  that  of  air* 
Being  an  acid,  we  might  expect  that  it  would  act  upon  vege- 
iMe  blues.  Its  action,  however,  Is  but  feeble*  It  produces 
tft  tensable  effect  upon  water  tinged  blue  by  means  of  red 
cabbage.  To  the  infusion  of  litmus  it  communicates  a  dis- 
tBiet  ptuple  colour.  But  if  we  leave  the  infusion  in  an  open 
itMel  the  carbonic  acid  speedily  escapes,  and  the  blue  colour 

No  aaimal  can  breathe  this  gas.  When  the  attempt  is  made 
tbt  epigkyttii  b  forcibly  shut,  so  that  none  of  it  can  make  its 
w»y  to  the  lungs.  This  is  speedily  followed  by  asphyxia  and 
^tb,  unless  the  animal  be  instantly  removed  into  pure  air. 

No  combustible  will  burn  in  this  gas*     Indeed  I  find  that  if 

•  AihibIb  of  Philoaophy,  xvl.  244-. 
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^^^  "•    a  candle  be  let  down  into  a  mixture  of  9  volumes  of  air  antl  1 
iroluine  of  carbonic  acid  ga^s,  it  is  instantly  extiiigiiislied.     Yet 
gucli  a  mixture  might  be  breathed  wntliout  any  great  inconve- 
nience, at  least  for  a  short  time.      Hence  workmen  should  not 
descend  into  deep  pits  where  this  gas  is  apt  to  accumulate, 
without  first  ascertaining  whether  or  nut  a  candle  vnW  burn 
in  it. 
iSSr?^^''"*''       Water  absorbs  this  gas  with  considerable  avidity.       Hence 
though  we  can  collect  this  gtus  for  experiment  over  water,  we 
must  not  allow  the  jars  containing  it  to  stand  for  any  length 
of  time  over  water,  otherw^ise  tlie  whole  of  the  gas  will  be 
absorbed  and  disa|)pcar.      From  the  experiments  of  Mr.  Caven- 
dish, it  follows  that  100  %'olumes  of  ^^-ater  are  capable  of  absorb- 
ing under  the  ordinarj^  pressure  of  the  atmosphere  107  volumes 
of  carbonic  acid  gas.     Hence  it  is  usually  sfud  that  water  is 
capable  of  absorbing  its  ouai  bulk  of  this  gas.     \^1ien  the  ga<» 
by  compression  is  reduced  to  one-half  or  one-third  its  usual 
bulk,  water,  as  Dr.  Henry  Imls  shown,*  still  continues  to  absorb 
its  own  volume  of  it.     Hence  by  increiLsing  the  pressure  we 
may  make  water  absorb  any  quantity  of  it  whatever*     Wliat 
is  called  soda  water,  is  water  in  which  a  little  carbonate  of 
soda  has  been  previously  disstdvetb   iinpregnateil  with  about 
twice  its  volume  of  carbonic  acid  gtts.     Wlieu  the  cork  of  the 
flask  containing  such  water  is  dmwn,  the  second  atmosphere 
which  is  retained  in  a  compressed  state,  suddenly  makes  its 
escape.     Hence  the  effervescence  or  briskness  which  such  liquid 
displays.     The  briskness  of  beer,  of  cyder,  aiul  of  champaign,. 
is  owing  to  the  existence  of  carbonic  acid  in  them,  in  a  cod 
pressed  state. 

If  we  let  up  a  certidn  portion  of  carbonic  acid  gas  into  a  tub 
filled  with  lime  water,  it  becomes  quite  milky.  The  reason 
that  the  gas  unites  with  the  lime  which  the  water  holds  in  soln 
tion,  and  converts  it  into  carbonate  of  lime,  which,  being  insolu 
ble  in  water,  immediately  begins  to  precipitate,  and  thusrende 
the  liquid  milky.  If  we  add  twice  as  much  carbonic  acid  ga^ 
to  lime  water  as  is  requisite  to  precipitate  the  lime,  the  pre- 
cipitate again  disappears  and  tJie  water  becomes  as  transparent 
as  at  first*  The  reason  is,  that  lime  unites  with  two  propor- 
tions of  carbonic  acid.  With  the  smaller  proportion  it  forms 
carbonate  of  lime  which  is  insoluble  in  water,  with  the  greater 
jt  forms  bicarbonate  of  lime  which  is  soluble  in  water, 

♦  Phil.  Trana.  1603. 
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m  water  Impregnated  with  carbonic  acid  is  Keated,  die  *««  '"» 
t  b  agmin  expelled.  From  precipitated  lime  water  it  is  not 
expelled  by  heat;  from  lime  water  rendered  transparent  by 
ift  excess  of  carbonic  acid,  that  excess  is  expelled  by  heat,  and 
tkn  the  carbonate  of  lime  precipitates.  It  U  in  this  way  that 
esrboEiaCe  of  lime  is  held  in  solution  in  many  mineral  waters. 
Hcnoe  the  reason  why  it  is  thrown  domi  Ifrom  them  by  boiling', 

r.  Fanulay  dL^cuvered  that  this  gas  assumes  the  liquid  form  cmidtmwd 
itibjected  at  onoe  to  strong  pressure  and  eold*  But  its 
city  is  so  ^eat  that  the  experiments  are  attended  with 
risk*  His  method  of  proceeding  was  this,  A  tube  shut 
Mooe  end  was  bent^  and  the  shorter  extremity,  which  was  tlie 
•caled  end,  was  filled  with  sulphuric  acid  throiigli  a  tube,  so  as 
to  keep  the  long  leg  of  the  tube  quite  cleiir*  A  piece  of  plati- 
foil  was  then  crumpled  up  and  pushed  into  the  bend  of 
Then  the  long  leg  of  the  tube  was  nearly  filled  with 
ila  of  carbonate  of  ammonia.  The  other  extremity  of 
f  was  now  sealed.  The  sulphuric  acid  was  made  to  run 
tbe  carbonate  of  ammonia,  while  the  clean  end  of  tlie 
immersed  in  a  freezing  mixture.  The  gas  evolved 
c#nflei»ed  in  the  part  of  die  tube  surrounded  by  the  freezing 
■ixtttre*  Liquid  carbonic  acid  is  colourless,  ^*ery  fluitb  and 
1^1.  Its  refractive  jiower  is  less  than  that  of  water.  At  3*2° 
inelasticity  is  equal  to  the  pressure  of  36  atmospheres.* 

This  ga*  undergoes  no  alteration  when  passed  through  a  red  J^">^*^ 
htd  purcebiin  tube.  But  when  electric  sparks  are  passed  through 
s  pordon  of  it  standing  over  mercury,  it  is  decomposed  at  least 
{■rdilly,  and  converted  into  carbonic  oxide  and  oxygen  gases. 
Dr.  Heniy  found  that  when  the  undecomposed  ciirbonic  acid 
ii  vitkdrawn  by  meaas  of  a  «tolution  of  potash,  an  electric  spark 
fmmA  thfough  the  residue  causes  combufstion,  and  converts 
ihe  wWle  into  carbonic  acid  gas.-f-  It  is  obvious  from  this 
tfall  it  would  be  impossible,  by  me*ans  of  the  electric  spark,  to 
Jseoiiipose  tiie  whole  of  ^uty  giveit  qo«mtity  of  carbonic  acid 
ialo  cturbonic  oxide  and  oxygen. 

If  wc  mix  equal  volumes  of  hydrogen  and  carbonic  acid 
pMiee»  and  pmi8  them  slowly  through  a  porcelain  tube  filled  with 
bapoetits  of  porcelain,  and  in  a  state  of  ignition,  the  carbonic 
arid  u  converted  into  carbonic  oxide,  and  the  hydrogen  into 
water.  The  volume  of  carbonic  oxide  is  precisely  equal  to 
that  of  the  carlmnic  acid* 


*  riifl.  Traos,  1823,  p.  180. 


t  Ibid.  1&09,  p.  4  IS. 
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If  instead  of  fragments  of  porcelain^  we  fill  the  tube  with 
pieces  of  charcoal,  and  after  heating  them  to  redness,  pass 
carbonic  acid  very  slowly  through  them,  it  wiW  he  converted 
into  carbonic  oxide,  while  at  the  same  time  its  bulk  is  doubled. 

None  of  the  supporters  of  combustion  htm  any  sensible  action 
on  carbonic  acidj  even  at  a  red  beat.  The  same  remark  applies 
to  azotic  gas. 

It  has  been  already  obsen  ed  that  Lavoisier  first  proved  that 
carbonic  acid  Is  a  compound  of  carbon  and  oxygen.  As  the 
volume  of  oxygen  gas  is  not  altered  by  burning  pure  ciirbon 
in  it,  while  at  the  same  time  it  is  converted  into  carbonic  acid, 
it  is  obvious  tliat  the  weight  of  carbon  which  converts  a  volume 
of  oxygen  gas  into  carbonic  acid  gas,  may  be  obtained  by  sub- 
tracting the  specific  gravity  of  oxygen  gas,  from  that  of  carbonic 
acid  gas. 

Sp.  gr-  of  carbonic  acid  gas         •         1*5277 
oxygen  gas         .         »         1*1111 


0-4166 


Weight  of  carbon 
Hence  carbonic  acid  m  composed  of 

Oxygen         .         ,         I-lllior2 
Carbon  .         .         0-4166  or  0*75 

It  is  obvious  tliat  either  0-75  or  a  multiple  or  submultiple  of 
that  number  exhibits  the  atomic  weight  of  carbon.  Of  tlds 
we  will  be  better  able  to  judge  after  we  have  made  ourselves 
acquainted  mth  the  properties  and  composition  of  earfmnic 
oxidey  which  is  the  otlier  compound  of  carbon  and  oxygen. 

It  has  been  known  since  the  time  of  Dr.  Bhick,  that  carbonic 
acid  gas  exists  in  the  atmosphere.  The  older  pneumatic  che- 
mists concluded  from  very  imperfect  data,  that  the  atmosphere 
contained  about  pj^tli  of  its  volume  of  this  gas.  Mr,  Dalton 
wtLS  the  first  person  who  attempted  to  determine  the  point  by 
accurate  experiments.  He  found  that  10,000  volumes  of  jut 
contaijied  &S  volumes  of  carbonic  acid  gas ;  but  that  the 
volume  varies  at  different  times.  Thenard  found  3-91  volimies 
of  this  gas  in  10,000  of  air.  But  the  most  complete  set  of 
experiments  was  made  by  M.  de  Saussure.  He  continued 
them  for  three  years,  and  tried  the  quantity  of  air  at  Chombeisy, 
a  meadow  about  tliree-fourtlis  of  a  league  from  Geneva ;  on  the 
lake  of  Geneva,  in  the  town  of  Geneva,  and  upon  the  neigh- 
bouring mountains  of  Jura  and  the  Alps.  The  following  are. 
the  results  which  he  obtained. 
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The  mean  volome  of  carbonic  acid  gas  in  lOjOOO  volumes  of    scc*,  ui. 
dr  at  Chambmy,  deduced  from  104  obgervations,  amounts  to 
4*13   rolimies.      The    greatest  quantity  observed  was    5'74 
volmnefi,  and  the  Rmalle^t  3-15  volumes. 

Tke  quantity  is  diminished  by  rain,  or  when  the  earth  is 
fodked  with  mobture :  doubtless  becanse  the  moisture  absorbs 
tfcc  gBs.  Thus  in  July,  1827,  the  fall  of  rain  was  0*0o4  inch, 
■nd  die  carbonic  acid  in  10,000  air  was  5*18  volumes. 


w 


C^itxiak  add. 

4'56  volumes. 

4%32 

5-01 

4-28 

3-8 


In  July,  1828,  Rain  6-8    inches      . 

1829,  Rain  205 
In  Aug.  1827,  2-95 

1828,  304 

1829,  4-37 

The  air  over  the  lake  of  Geneva  contains  in  general  less  car- 
bonic acid  gas  than  the  air  over  the  land  at  Chambeisy.  But 
air  taken  up  iu  a  court  in  Geneva,  contains  rather  more  car- 
bonic acid  than  the  air  at  Chambeisy.  The  air  on  the  moun- 
teins  is  rather  more  charged  \dth  carbonic  acid,  than  the  air 
orcr  plains.  Finally,  the  air  during  the  eight  is  mther  more 
dkar^ed  with  this  gas  than  during  the  day,  and  in  i^nnter  than 
to  ramiDer,  and  in  windy  weather  than  in  calm  weather.* 

2.  CJarbonic  oxide  gas  was  discovered  by  Dr.  Priestley  about  J'^*^"^"^* 
Ae  beginning  of  the  present  century,  by  exposing  to  a  red 
lieat  a  mixture  of  charcoal  and  oxide  of  zinc.  It  was  first  sub- 
jected to  analysis,  and  its  composition  determined  by  Mr* 
Cnrikshanks.  Soon  after  an  elaborate  set  of  experiments  on 
It  WBB  published  by  Clement  and  Desormes,  from  which  they 
deduced  its  constituents  to  be  only  carbon  and  oxygen.  But 
Berthoilet  soon  after  subjected  it  to  new  experiments,  and 
mdeavoured  to  prove  that  it  was  a  compound  of  oxygen,  car- 
bon, and  hydrogen.  Subsequent  investigation  has  shown,  in 
Ike  most  satisfactory  manncft  that  it  contains  no  hydrogen,  but 
ii  a  compound  of  carbon  and  oxygen. 

Il  may  be  obtained  by  various  processes,  some  of  which  I  ^*  proem. 
state.      1.  When  we  heat  a  mixture  of  oxide  of  zinc  and 
or  finery  cinder  and  charcoal,  in  an  iron  bottle  to 
ness,  carbonic  oxide  gas  Is  evolved.     But  this  process  does 
yield  it  in  a  state  of  purity.     2.   If  we  mix  three  parts  of 
te  of  lime,  or  carbonate  of  barytes,  or  carbonate   of 
itian,  with  one  part  of  well  burnt  charcoal,  and  heat  the 


•  Saussure,  Ann.  do  Chim,  et  de  Phys.  xliv.  5. 
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niixture  in  an  iron  bottle,  carbonic  oxide  gas  comes  over  in 
abimclanee,  and  the  t^artlis  remain  beliind  in  a  caustic  state, 
3.  If  we  mix  ahont  equal  weights  of  eleim  iron  filings  and 
carbonate  of  lime,  sfrontiaii,  and  barytesj  and  heat  tlie  mLxtnre 
pretty  strongly,  we  obtain  very  pnre  carbonic  oxide,  mixed, 
however,  with  a  gowl  deal  of  earbonic  acid  ga^,  which  h  easily 
removed  by  M^ashiiig  the  gas  with  milk  of  lime,  4,  If  we  put 
into  a  small  retort  or  gas  bottle,  a  mixture  of  5  parts  of  con- 
centrated sul])hurie  aciil  and  one  part  of  bmoxalafe  of  /Xitash 
or  salt  of  sorrel^  and  a]iply  heat  to  the  mixture,  a  gas  is  evolved, 
composed  of  equal  volumes  of  carbonic  acid  and  carbonic  oxide. 
Caustic  pota^sh  or  milk  of  lime  will  remove  the  carbonic  acid, 
and  leave  the  carbonic  oxide  in  a  state  of  purity.  For  this 
last  process  we  are  indebted  to  Dobereiner*  and  Dumas,f  for 
the  others  to  Dr.  Priestley  and  Mr,  Crnikshanks.  We  may 
obtain  this  gas  also  by  passing  carbonic  acid  through  red  hat 
charcoal.  By  thfe  process  the  carbonic  acid  gas  is  doubled  in 
volume,  and  converted  into  carbonic  oxide. 

This  gas  is  colourless  like  common  air,  and  destitute  of  taste 
and  smelL 

I  found  the  specific  gravity  of  this  gas  0'9704  Berzelius 
and  Dulong  found  it  0*97*27.  We  shall  see  immediately  that 
the  true  specific  gravity  is  0"t>722,  wliich  is  precisely  that  af 
azotic  gas. 

Its  refractive  power  k  1*1 57,  that  of  air  being  1,  according 
to  the  experiments  of  Dulong .§ 

It  produces  no  change  on  vegetable  Idues,  does  not  seem 
capable  of  uniting  either  with  acids  or  biises,  and  is,  therefore, 
H  neutral  substance.  It  has  not  been  condensed  into  a  liquid 
by  the  application  of  cold  imA  pressure. 

It  is  not  sensibly  absorI.>ed  l»y  water;  according  to  Davy, 
water  freed  from  air  by  boiling,  absorbs  j\^\\  of  its  volume, 
according  to  Dal  ton  g^^th  of  volumCj  according  to  Saussure 
j\rtL  of  its  volume  of  this  gas.  My  own  experiments  came 
nearest  those  of  Davy, 

No  animal  can  breathe  it;  when  the  attemjit  is  made,  one 
or  two  inhalations  occasion  aspliyxia.  All  gases  containing 
carbon  have  been  found  positively  injurious  when  drawn  into 
the  lung^i. 


*  Ann.  de  Chirn.  et  de  Phys*  xix*  83. 

\  Annals  of  Philosophy,  xvi,  2+8. 

j  Ann.  de  Chim,  et  de  Phya»  ixxi,  166. 
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m  with  a  beautiful  blue  flame,  and  gives  out  but  little 
t,  When  mixed  with  common  air  it  does  not  explode  like 
kydrog^n^  but  bums  brilljaiitly.  However,  a  mixture  of  2 
mbones  of  this  gas  and  1  volume  of  air  explodes  (though  not 
ftao^Iy)  by  an  electric  spark,  or  when  placed  in  contact  with 
1  ted  hot  wire*     It  explodes  mth  oxygen  gas,  and  1  volume 

I  carbonic  oxide  gas  requires,  for  complete  combustion,  half  a 
lume  of  oxygen  gas.  When  such  a  mixture  is  exploded 
pr  mercurvs  the  residue  is  exactly  1  volume  of  carbonic  acid 
It  Thus  It  appears  that  1  voltmie  carbonic  oxide  gas  +  ^ 
tohtme  of  oxygen  g^,  constitute  one  vohime  of  carbonic  acid 
^  But  we  have  seen  that  carbonic  acid  gas  contitins  its 
m  volume  of  oxj'gen  gas.  It  is  cleiir  from  this  that  1  volume 
of  carbonic  oxide  gas  contains  just  as  ranch  carbon  as  1  volume 
of  cairbomc  acid  gas.  But  that  the  vohime  of  oxygen  gtis  in  it 
is  only  half  as  much  as  in  carbonic  acid  gas.  It  must  therefore 
be  a  compound  of 

Oxygen  •         .  .  .  0-5555  or  1 

Carbon  ....  0-4166       075 

But  carbonic  acid  is  a  compound  of 

Oxygen         •         .         .         *         .         .  2 

Carbon  ....*.  0-75 

If,  therefore,  we  consider  0*75  to  represent  an  atom  of  carbon^ 
it  is  evident  that  carbonic  oxide  will  be  a  compound  of  1  atom 
carbon  +  1  atom  oxygen,  and  carbonic  acid  of  1  atom  carbon 
+  2  atoms  oxygen.  And  the  atomic  weights  of  these  tw^o 
bodies  wull  be  as  follo^vs. 

Carbonic  oxide 1'75 

Carbonic  acid  .         .         •         .         •         2'75 

Carbonic  acid  gas  is  a  compound  of  1  volume  carbon  vapour 
+  1  volume  ox)gen  gas,  condensed  into  1  volume^ 
I  volume  carbon  vapour         .        .        0'4166 
1  volume  oxygen  gas  .       .        l^llll 
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1-5277  ^  sp,  gravity 
I  carbonic  acid  gas* 

Carbonic  oxide  gas  is  composed  of  1  volume  carbon  vapour 
-|-  j  volume  oxygen  gas  condensed  into  1  volume. 
1  volume  carbon  vapour         .        •        0'4160 
I  volume  oxygen  gas  .        .       0*5555 


•9722  =  sp,  gravity 
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cti*p.  ih  of  carbonic  oxide  gas.  This  must  be  the  true  specific  granty 
of  carbonic  oxide  gas.  It  comes  witKin  less  than  j^^^^th  part 
of  the  experimental  Tesnlt  of  BerzeliiLs  and  Dulong. 

When  u  mixture  of  carbonic  oxide  gas  and  oxygen  gas  in 
the  proper  proportions  is  exposed  to  the  action  of  spongy  plati- 
liumj  no  action  takes  place  at  the  common  temperature,  but 
when  the  temperature  of  the  gns  is  raised  rather  above  300^ 
it  begins  to  be  converted  into  carbonic  acid,  and  at  a  tempera- 
ture rather  above  3*20°  it  is  wholly  acidified  in  the  course  of  a 
few  minutes.  When  airbonic  oxide  gas  is  added  in  equal 
volumes  to  a  mixture  of  hydrogen  and  oxygen  in  explo§ive 
proportion,  it  prevents  the  spongy  platinum  from  causing  deto- 
nation ;  but  the  action  of  the  gases  on  each  other  goes  on  slowly, 
and  both  water  and  carbonic  acid  are  formed.  But  if  the 
quantity  of  c*arbonic  oxide  gas  added  be  small,  explosion  takes 
place  on  introducing  the  spongy  platinum,* 

If  we  mix  equal  volumes  of  carbonic  oxide  and  hydrogen 
gas,  and  pass  the  mixture  through  a  red  hot  tube,  the  gas  is 
decomposed,  charcoal  deposited,  and  water  formed.  The  gas 
is  decomposed  also  by  potassium  which  unites  to  its  oxygen, 
Dobereiner  assures  us,  that  by  bringing  it  in  contact  witli  sul- 
phuretted oxide  of  platinum,  it  is  converted  into  half  its  volume 
of  carbonic  acid* 

3.  It  was  discovered  by  Dr.  John  Davy  that  carbonic  oxide 
gas  has  the  property  of  combining  with  chlorine.     He  gave  the 
compountl  the  name  of  phosgene  gas.     But  a  more  systematic 
name  will  be  chioro-carbomc  acid.f     The  method  of  procuring  ^J 
it  is  as  follo\^^.  H 

Into  a  glass  flask^  previously  exhausted  of  air  and  well  dried^      ■ 
^^^  introduce  equal  volumes  of  carbonic  oxide  and  cliJorine  gases^ 

^^B  both  well  tlried  by  being  left  in  contact  with  fused  chioride  of 

^^m  cctkimn.     Expose  tins  mixture  to  sunshitie  for  about  a  quarter 

^^B  of  an  hour.     The  colour  of  tbe  chlorine  disappears,  and  the  j 

BH  volume  of  the  nuxture  diminishes  one  half.     The  new  gas,  thus  ^| 

^  formed,  is  ehloro-carbonic  acid.  ■ 

I  piwpmic^  It  is  colourless,  and  possesses  the  mechanical  properties  of      ■ 

I  common  air.     It  has  a  strong  smell,  which  has  been  compared  fl 

^^^  to  wliat  would  be  produced  by  a  mixture  of  the  odours  of  chlo-  ^1 

^^^^     fine  and  ammonia.     It  is  more  disugreeable  and  suffboitiiig 


Chloroocar. 


•  Henry  ;  Phil  Trans.  1824,  p.  271. 

t  Berzelius  talla  it  carfmnic  nx^-chhfide  ;  'D%imm,ckhridr  of  tmdt  ( 
htm  or  chioro-carbonic  acid  ;  and  Dulong,  ox^-cMoro-carifonic  t^cid. 
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than  that  of  chlorine,  and  affects  the  eyes  in  a  peculiar  manner, 
producing  a  rapid  flow  of  tears^  and  occasioning  painful  sen- 
sations.  It  possesses  the  properties  of  an  acid,  reddening  vege- 
table blues,  and  combining  with,  and  iieiitndizing,  four  times 
its  volume  of  ammoniacal  gas.  When  tin,  zinc,  antimony,  or 
arsenic,  are  heated  in  this  ga%  they  decompose  it,  absorbing 
the  chlorine  and  setting  at  liberty  the  carbonic  oxide*  Water 
decomposes  it,  and  converts  it  into  muriatic  acid  and  carbonic 
acii 

Its  refracting  power,  according  to  Dulong,  is  ^-^SO,  that  of 
air  being  1.* 

As  it  is  composed  of  equal  volumes  of  chlorine  and  carbonic 
Hxide,  condensed  into  one  volume,  it  is  obvious  that  its  specific 
gravity  is  equal  to  that  of  chlorine  gas  and  carbonic  oxide  gas 
united  together,  or  0-4722* 

Alcohol  absorbs  abont  12  times  its  volume  of  this  gas,  does 
not  decompose  it,  but  acquires  the  smeD  mul  the  tfiste  which 
distinguishes  the  gas.  The  chloride  of  arsenic  absorbs  10  times 
its  volume  of  the  gas,  and  the  chloride  of  sulphur  also  absorbs 
it;  though  it  has  been  hitherto  impos-sible  to  determine  the 
degree  of  absorption. 

This  gas  neither  detonates  with  oxygen  nor  \inth  hydrogen 
gases.  But  if  we  mix  it  with  oxygen  and  hydrogen  at  oncej 
and  pass  an  electric  spark  through  the  mixture,  it  is  converted 
into  carbonic  acid  and  miu-iatic  acid. 

The  constituents  of  this  gas  being  one  volume  of  chlorine  compotitiaa. 
gas  and  one  volume  of  carbonic  oxide  gas,  it  is  clear  that  it 
consists  of 

I  atom  chlorine         *         .         .         4*5 
1  atom  oxygen  .  ,         .  1*0 

1  atom  carbon  .         .         .         0*75 


6*25 


Thus  its  atomic  weight  is  6'25,  and  it  is  a  compountl  of  1  atom 
carbon  with  1  atom  of  chlorine  and  of  oxygen.  It  resembles 
carbonic  acid  with  this  difference,  that  for  one  of  the  atoms  of 
oxygen  an  atom  of  chk)rine  has  been  substituteiL 

The  salt  which  it  forms  with  ammoriiacfd  gas  is  white, 
neutral,  volatile,  ha\ing  a  sharp  taste  and  deliquescing  in  the 
air.  This  salt  when  dissolved  in  the  concentrated  mineral  acids, 
gives  out  muriatic  and  carbonic  acids.  But  acetic  acid  dissolves 
it  without  effervescence.  It  is  obviously  a  compound  of 
*  Ann.  de  Chiin.  et  de  Phys.  xxjll  166. 
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Chap.  II. 


1  atom  chloro-carbonic  acid       .         .  .  6-25 

2  atoms  ammonia  ....  4-25 


10-5 

i.oxaUcacid.      4.  OxoUc  ocid.     There  is  another  combination  of 

and  oxygen,  which  possesses  very  powerful  acid  propeitiei^ 
and  which  has  received  the  name  of  oxalic  acidL  It  was  &- 
covered  by  Scheele ;  but  first  made  known  to  chemisti  bj 
Bergman.  The  original  mode  of  preparing  it,  was  to  dissobe 
sugar  in  nitric  acid,  and  to  digest  the  solution  till  it  ceasn  ti 
effervesce.  On  cooling  the  liquid,  crystals  of  oxalic  add  IR 
deposited.  But  it  has  been  known  for  some  time,  that  if  diir* 
ings  of  wood  be  mixed  with  caustic  potash,  and  exposed  toi 
heat  considerably  higher  than  that  of  boiling  water,  the  wmJ 
suffers  decomposition,  and  is  partly  converted  into  oxalic  adi 
which  combines  with  the  potash.  I  have  reason  to  believe  tbi 
this  is  die  process  that  has  been  followed  for  a  g^ood  many  yev 
by  the  manufacturers  of  oxalic  acid  in  this  country ;  and  ft 
accounts  for  the  low  price  at  which  it  is  sold.  The  propertis 
of  this  important  acid  will  be  described  in  a  subsequent  partrf 
this  work.  It  has  been  ascertained,  that  when  heated  vU 
strong  sulphuric  acid,  it  is  decomposed  and  completely  eofr 
verted  into  carl)onic  acid,  and  carbonic  oxide,  in  equal  voluiMi 

compodtioo.  We  see,  from  this,  that  it  is  composed  of  a  volume  of  cariMBK 
acid  and  a  volume  of  carbonic  oxide  wiited  together. 

Atomic  weight  of  carbonic  acid         .         ,  2-75 
carbonic  oxide       .         .  1-75 

4-5 

Hence,  we  see,  that  its  atomic  weight  is  4*5.  Now,  4-5  tun* 
out  to  be  its  true  atomic  weight,  when  we  analyze  the  ozalattt 
The  constituents  of 

Oxygen.  Cutian. 

Carbonic  acid  are         .         .         2  atokns  -{-   1  atom 
Carbonic  oxide  .         .         1  +1 

3  2 

Hence,  it  follows,  that  oxalic  acid  is  a  compound  of  3  atofli 

oxygen,  and  2  atoms  carbon. 
^nnjUiTco        II.    It  was  long  supposed  that  carbon  and  chlorine  w« 
wttb  chlorine,  incapable  of  uniting ;  but  Mr.  Faraday  ascertained,  in  the  y« 

1821,  that  the  two  substances  could  be  united  in  two  difiem^ 
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proportions;  and  a  third  compounrl  was  eoon  after  discovered 
by  him  and  Mr,  H.  Philips.  Tliese  three  compourids  may  be 
distiii^ui^ihed  by  the  names  of  xesquichhride  of  carbon^  chloride 
qfvarijofu  and  dkhhride  of  carbon ;  indicating,  by  tliese  names, 
the  proportions  in  which  the  eon8tituents»  unite, 

1,  Sexqiiifhlortde  tfearlmn.  It  has  been  long  kno^^Ti,  that 
when  charcoal  is  left  in  contact  with  chh>rine  gas,  or  wlien  it  is 
heated  in  contact  with  that  j^^s,  no  combination  whatever  takes 
place*  Mr.  Fanuhiy  succeeded  in  forming;  a  compound,  by 
I  means  of  a  gan,  known  by  the  name  of  i^efiant  gas*  It  was 
L  known  already  tliat  this  gas  has  the  property  of  uniting  witli 
I     its  own  volume  of  ehh>rine  gas,  and  condensing  with  it  into  an 

i  aroma  tie  and  colourless  liquid. 
Mr.  Faraday  filled  a  glass  globe,  capable  of  holding  200  ■ 
cubic  inelies,  with  chlorine  gas;  it  was  tlien  placed  over  olefiant 
gas,  and  as  much  as  could  enter  having  passed  in,  tlie  stop- 
cocks were  shut,  and  the  whole  left  for  a  short  time.  Tlie 
liquid  compound  of  cldorine  and  olefiant  gas  formed,  and 
c»ct^siiiuetl  a  partial  vacuum.  More  oletiant  gas  was  then 
intrmlueed,  and  this  process  was  repeated,  till  alt  tlie  chlorine 
had  combined  with  olefiant  gas,  and  been  converted  into  a 
liqtdd,  and  the  ghiiss  was  filled  with  olefiant  gas.  Then  chlorine 
gas  was  admitted,  till  all  the  olefiiuit  gas  had  been  converted 
into  a  liquid,  and  till  the  glass  ve^^sel  was  filled  with  chlorine 
gas.  It  was  now  exposed  to  the  light  of  the  sun.  The  cldorine 
gas  immediately  disappeared,  and  the  vessel  became  filled  with 
muriatic  acid  gas.  x\  little  water  being  let  in,  this  gas  was 
absorbed,  and  the  vessel  agfiin  filled  with  chlorine  gas.  Being 
again  ex|iosed  to  the  light,  it  flLsappeared  as  before,  and  the 
muriatic  acid  gas  being  al>sorbed,  left  space  for  more  chlorine, 
!  These  processes  being  repeated,  rhe  liquid  gradually  became 
thick,  and  white  crystals  appeared  in  it.  These  crystals  con- 
stitute a  sestpdchhride  of  carbon. 

To  purify  it,  the  gases  were  blown  out  of  tlie  glass  vessel 
by  a  pair  of  bellows,  and  \niter  was  poured  in  to  wash  away 
the  muriatic  acid.  Now,  i^^ash  out  the  crystals,  by  means  of 
water,  into  a  jar,  A  little  alcohol  will  wash  out  what  adheres 
to  the  vessel,  and  the  alcoholic  solution  being  poured  into  the 
water,  the  sesquichloride  will  fall  to  the  bottom.     Collect  the 

*  This  gas  will  be  deitcnbetl  in  a  subsccjuent  part  of  this  section.  It  is 
obtained  by  heating  a  mixture  of  alcohol  and  sulphuric  ucid.  A  volume  of 
it  cftnlains  2  volumes  of  hydrogen  gas,  and  2  volumes  of  CTrboti  vapour, 
anited  together,  and  condensed  into  1  rolunie. 
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whole  sesquiehloride  on  a  filter,  and  dry  it  between  folds  of 
bibulous  paper.  Put  it  now  into  a  glass  tube,  and  sublime  it 
by  a  spirit  lamp.  The  sublimed  portiou  h  then  to  be  dissolved 
in  alcoliol,  and  poured  into  a  weak  solution  of  potash,  by  which 
the  muriatic  acid,  which  it  may  contain,  is  neutralized  and 
separated,  while  the  seH(]iiieh!oride  falls  down.  Decant  off  the 
lit|uid;  wash  the  sesquiehloride  clean;  dry  it  first  on  blotting- 
paper,  and  afterwardsj  by  placing  it  in  a  vacuum,  over  sul- 
phuric acid.  It  is  now  a  white  powder,  and,  if  pure,  may  be 
sublimed,  without  leaving-  any  cliarry  residue,  or  liberating  any 
muriatic  acid.  W^hen  dissolved  in  ether,  it  will  not  occasion 
any  precipitfite  with  nitrate  of  silver. 

The  direct  rays  of  the  sun  are  not  necessary  for  its  forma- 
tion ;  the  light  of  day  is  sufficient;  though  the  process  is  slower ; 
but  lamp-light  Is  not  sufficient. 

Sesquiehloride  of  carbon  is  a  transparent  colourless  substance, 
witli  scarcely  any  taste;  but  having  an  aromatic  odour,  approach- 
ing to  that  of  camphor.  Its  specific  gravity  is  *2,  Its  refractive 
power  high;  being  above  that  of  flint  glass,  (1-576 7.)  It  is 
very  (Viable,  easily  Ijreaking  down  under  pressure ;  and  when 
scratched,  has  inueli  the  feel  and  appearance  of  white  sugar. 
It  does  not  conduct  electricity. 

The  crysUls  are  usually  flat^  six-sided  prisms  terminated  by 
elongiUed  hexagons.  Mr.  Brooke  supposes  the  primary  form 
to  be  a  right  rhomi>ic  prism >  whose  faces  make  angles  witli 
each  other  of  122°  and  78^;  Init  he  could  discover  no  cleavage 
to  confirm  tins  opinion.*  Mr*  Faraday,  on  the  contrury,  con- 
siders the  primary  form  to  be  an  octahedron* 

It  volatilizes  slowly  at  common  temperatures,  and  passes, 
like  camphor,  to  the  light.  If  warmed,  it  rises  more  rapidly, 
and  then  forms  fine  crystals*  It  fuses  at  320*=*,  and  boils  at 
360'',  under  atmospheric  pressure.  When  condensed  from 
these  rapid  sublimations,  it  concretes  in  the  upper  part  of  the 
vessel,  in  so  transparent  and  colourless  a  state,  as  to  be  Iiardly 
perceptible.  As  the  crust  becomes  thicker,  it  splits  and  cracks 
like  sublimed  camphor;  and,  in  a  few  minutes  after  it  is  cold, 
it  is  white,  and  nearly  opaque. 

It  is  not  readily  combustible :  when  hehi  in  the  flame  of  a 
spirit  lamp,  it  burns  with  a  red  flame,  emitting  much  smoke 
and  acid  fumes.  When  heated  in  aji  atmosphere  of  oxygen, 
it  burns  with  a  brilliant  light. 


♦  Annals  of  Philosophy  (2d  series),  viK  364. 
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1 1  is  not  soluble  in  \iiiter,  whether  hot  or  cold;  or  only 
ti»luble  in  very  minute  quantity.  In  alcohol,  it  dissolves  witli 
&€ility,  and  in  much  greater  quantity  in  hot  than  in  cold 
alcohoL  A  satiimted  hot  solution  crystallizes  as  it  cools. 
The  aJcoholic  solution,  when  mLxed  with  water,  lets  the  ses- 
quichloride  foil  in  flakes.  It  is  much  more  soluble  in  ether 
than  in  alcohol,  and  more  so  in  hot  than  in  cold  ether.  The 
kot  solution  crystallizes  as  it  cook ;  and  the  crystallization  of  a 
OoU  solution,  when  evaporated  on  a  glass  plate,  is  very  beau- 
tiftJ.  ^rhe  ether  solution  is  not  precipitated  by  water.  It  is 
aolable  in  i^olatLle  oils,  and,  on  evaporation,  is  ag^in  obtained 
in  crystals.  It  dissolves  also  in  fixed  oils.  The  solution, 
when  heated,  lets  go  muriatic  acid  gas,  and  the  liquid  becomes 
dark  coloured* 

Solutions  of  acids  and  alkalies  act  on  it  with  little  energy? 
feliowiug  that  it  is  a  neutral  substance-  Caustic  pota,sh,  soda, 
ttkl  ammonia,  do  not  decompose  it.  Muriatic  acid  does  not 
act  upon  it  at  all.  Strong  nitric  acid  boiied  upon  it  dissolves 
1  portion.  Part  of  tliis  is  deposited  as  the  solution  cools,  and 
tliie  rest  falls  when  tlie  acid  is  diluted  with  water.  It  is  not 
acted  an  by  sulphuric  acid. 

It  is  not  acted  on  by  oxygen  at  temperatures  under  a  red 
heaL  A  mixture  of  oxygen  gas,  and  the  vapour  of  sesqui- 
cldoride  of  carbon,  did  not  iuftame  by  the  electric  spark, 
tlMNigh  raised  previously  to  the  heat  of  400^;  but  passed 
through  a  red  hot  tube,  it  ^*as  decomposed,  and  mixtures  of 
chlorine,  carbonic  oxide,  carbonic  acid,  and  chloro-earbonic 
addf  produced.  A  portion  of  the  sesquichloride  was  heated 
with  the  red  oxide  of  mercury,  in  a  glttss  tube,  over  mercury. 
Ai  soon  as  the  heat  had  risen  so  high  as  to  soften  the  glass 
considierably,  the  vapour  suddenly  detonated  with  the  oxygen 
rrotred,  with  bright  inflammation.  The  substances  remaining, 
were  oxygen,  carbonic  acid,  and  calomel. 

Chlorine  does  not  act  on  this  substance,  whether  cold  or  hot 
lodkttiet  at  low  temperatnres^  melts  witli  it;  and  there  is  no 
fartber  action.  When  heated  more  strongly  in  its  vapoiu^,  the 
iodine  sepamtes  chlorine,  and  reduces  the  sesquichloride  to 
omple  chloride  of  Ciu-bon,  while  clilorio<lic  acid  is  produced. 

Hydrogen,  and  the  \Mpour  of  sesquichloride,  do  not  inflame 

400**,  by  electricity ;  but  when  the  mixture  is  sent  through 
iwed  but  tube,  the  whole  is  decomposed,  and  muriatic  acid  gas 
and  charcoal  precipitated. 

It  detonates  when  its  vapour  is  mixed  at  once  with  oxygen 
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puurLus  li  ineiis  ana  unices  ai  a  low  liempeFamre,  wig 

decomposition.     When  phosphorus  is  heated  in  the  vapoi 

the  substance,  chloride  of  phosphorus,  and  chloride  of  cui 

are  formed.     If  the  phosphorus  be  heated  more  higU] 

frequently  inflames  in  the  vapour  with  a  brilliant  ccHiibiiil 

and  abundance  of  charcoal  is  deposited.    X^harcoal  heata 

the  vapour  of  the  sesquichloride,  exerts  no  action  on  it 

='  ''  Most  of  the  metals  decompose  it  at  a   hig^h  tempenl 

i     I  Potassium  burns  brilliantly  in  the  vapour ;  charcoal  is  di 

sited;   and  chloride  of  potassium  formed.      Iron,  ainc^ 

co])per,  and  mercury,  act  on  it  at  a  red  heat ;   charcoel  k 

ii '  i  ■  deposited,  and  chlorides  formed.     When  heated  with  iiwli 

!  I  I  oxides,  different  results  are  obtained,  according"  to  the  arii 

.  I      '  Peroxides  of  mercury,  copper,  lead,  and  tin,  produce  ehU 

1 1  and  carbonic  acid.     Protoxides  of  zinc,  lead,  &(^  produce  j 

:i\  '.   .  chlorides ;  l)ut  the  gaseous  products  are  mixtures  of  euhn 

(;  •   I  acid,  and  carbonic  oxide.     When  the  vapour  of  the  SM 

:  I   '  chloride  is  piissed  over  red  hot  lime,  barytes,  or  strontii 

. '  j  vivid  combustion  is  produced.     Chlorides  are  produced;  ( 

bonic  acid  is  fonned;  and  carbon  deposited.      On  magi 

!    •  there  is  no  action. 

compofition.       Mr.  Faraday  did  not  succeed  in  his  attempts  to  analyw 
,  compound  directly;  but  from  the  phenomena   attending 

formation,  there  can  be  no  doubt  about  the  proportions 
nature  of  the  constituents.     It  appears,  from  his  experime 
tliat,  in  order  to  form  the  sesquichloride  of  carbon,  we  fl 
mix  together  1  volume  of  olefiant  gas,  and  5  volumes  of  d 


f 


!  rine  iras.     There  nre  formed  4  volumes  of  muriAtin  ntnA  < 
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sesqujchloride  of  carbon   Is  composed  of    1    volume    carbon 
vapour,  and  l^  volume  chlorine  gas,  or  by  weiglit  of 
Carbon  .         .         0-4l6f5  or  0  75 

Chlorine         .         .         3-75  6-75 

But  0v5  is  the  weight  of  an  atom  of  earl>on,  and  6*75  is  equal 
to  an  atom  and  a  half  of  chlorine.  Sei^quichluride  of  carbon 
iheii  is  composed  of 

I  l^  atom  chlorine  .         .         6*75 

I  1  atom  carbon  •  .         0'75 


.  m. 


7*50 


mnd  its  atomic  weight  will  be  7*5** 

'2.  Chhride  ofcarlton.  When  the  vapour  of  sesquichloride  ^JJjJ^*^ 
of  csirbon  i?*  heated  to  dull  redness,  chlorine  is  disengaged,  and 
a  liquid  substance  formed,  which  ob-viously  contains  less  chlo- 
rine tiiau  the  sesqniehloride.  This  decomposition  Is  not  easily 
effected.  Mr,  Faraday *s  process  wai*  as  follows,  A  long  tube 
shut  at  one  end  was  employed:  the  sesquichloride  was  put 
imo  the  bottoin  of  the  tube,  and  the  space  above  it  for  about 
twelve  inches  was  tilled  with  fragments  of  roek  crystal  The 
part  of  the  tube  beyond  this  was  then  bent  up  and  down  two 
or  three  times,  that  the  angles  might  serve  for  receivers  of  the 
new  compound.f  Hie  tube  and  rock  crj^stal  were  theri  heated 
to  bright  redness,  while  the  angles  were  dipt  in  water.  The 
sesquichloride  was  then  slowly  sublimed  by  a  spirit  lamp,  and 
dccf>mposed  as  it  passed  tlirough  the  red-hot  rock  crystal  A 
fluid  passes  over,  M'Jiich  condenses  in  tlie  angles  of  the  tube, 
and  some  chlorine  escapes;  but  the  greatest  part  is  retained  in 
the  liquid,  and  colours  it  yellow.  By  the  careful  apjilication 
of  a  lamp  and  blow-pipe,  the  bent  part  of  the  tube  is  now  to 

(be  sefiarated  from  the  portion  within  the  furnace*  and  its  end 
closed  ao  as  to  form  a  small  retort.      By  distilling  the  fluid  four 
.  OT  five  times  from  one  angle  to  another,  all  the  chlorine  is 
f  driven  off,  and  the  liquid  becomes  limpid  and  colourless.      But 
it  still  retains  a  little  sesquichloride.     Mr.  Faraday's  method 
of  getting  rid  of  this,  was  to  heat  the  fluid  till   the  tube  was 
J  nearly  full  of  its  vapour.     The  open  end  of  tlie  tnbe  va\s  then 
f  hermetically  sealed.     On  cooling,  the  whole  liquid  collected 
at  one  end  of  tlie  tube.     This  end  was  introduced  through  a 

^      *  Sec  Phil.  Trans.  1921,  p.  49.     All  the  facts  stated  in  the  text  were 

I  determined  by  Farftdttj,  and  will  be  found  in  the  paper  here  quoted. 

L      I  Mr.  FATadfly  has  given  a  descHptioa  of  these  bent  Cubes,  In  bis  Chemt* 

f  Cftl  Manipulation,  p,  400» 
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Chap-  >"•  cork  into  a  receiver,  under  which  a  small  flame  was  burning. 
By  this  means  the  liquid  was  distilled  by  a  very  gentle  heat 
into  the  cold  part  of  the  tube,  while  the  sesquichloride  remained 
behind. 
Properties  Chloride  of  carbon  is  a  highly  limpid  fluid  perfectly  colour- 
less. Its  specific  gravity  is  1'5526.  Its  refracting  power,  as 
determined  by  Dr.  Wollaston,  is  1-4875,  being  very  nearly 
that  of  camphor.  It  is  not  combustible,  except  w^hen  held  in 
a  flame.  It  then  burns  with  bright  yellow  light,  much  smoke, 
and  exhales  fumes  of  muriatic  acid. 

It  does  not  congeal  at  zero.  When  its  temperature  is  raised 
to  between  160®  and  170**,  it  is  converted  into  vapour,  and 
remains  in  that  state  till  the  temperature  is  lowered.  At  a  red 
heat  it  undergoes  a  partial  decomposition,  becoming  slightly 
coloured,  and  the  tube  being  blackened  by  charcoal. 

It  is  not  soluble  in  water ;  but  it  dissolves  in  alcohol  and 
ether,  and  the  solutions  bum  with  a  greenish  flame,  giving  out 
fumes  of  muriatic  acid.  It  dissolves  also  in  the  volatile  and 
fixed  oils.  It  is  not  acted  on  by  alkaline  solutions,  nor  by 
nitric,  muriatic,  nor  sulphuric  acids.  Solutions  of  silver  do  not 
act  upon  it. 

Oxygen  decomposes  it  at  high  temperatures,  forming  car- 
bonic oxide  or  acid,  and  liberating  chlorine.  Chlorine  dis- 
solves it  In  considerable  quantity,  but  has  no  further  action, 
or  only  a  very  slow  one,  in  common  daylight.  But  when 
exposed  to  the  direct  light  of  the  sun  it  is  converted  into 
sesquichloride  of  carbon.  It  dissolves  in  iodine  very  readily, 
and  forms  a  brilliant  red  solution.  It  does  not  detonate  with 
hydrogen  when  in  the  state  of  vapour.  But  when  electric  sparks 
are  passed  through  such  a  mixture,  the  chloride  is  gradually 
decomposed  and  muriatic  acid  formed.  When  such  a  mixture 
is  passed  through  a  red-hot  tube,  the  chloride  is  completely 
decomposed,  muriatic  acid  formed,  and  charcoal  deposited. 
When  the  vapour  is  mixed  with  oxygen  and  hydrogen  it 
detonates  by  electricity,  and  a  complete  decomposition  is  pro- 
duced. 

Sulphur  and  phosphorus  dissolve  it,  but  do  not  decompose 
it  at  low  temperatures.  Phosphorus  decomposes  it  at  a  red 
heat.  Its  action  on  metals  and  metallic  oxides  is  very  similar 
to  that  of  sesquichloride. 

To  determine  the  composition  of  this  chloride  Mr.  Faraday 
passed  2*7  grains  of  it  over  red-hot  barytes.  A  brilliant  com- 
bustion was  produced,  carbonic  acid  being  evolved,  and  char- 


CARBON. 


depositecL  When  the  tube  wiis  cold  the  barytes  was 
Ired  in  nitric  acid,  and  the  chlorine  precipitated  by  niti^te 
df  iilyer.  The  chloride  of  silver  weighed  9'4  gmiiB  —  2-318 
gr.  of  cfcloriiie.  Hence  Q  gr,  would  have  giveo  2-575  gr. 
diloritie. 

Tliree  grains  of  the  chloride  were  passed  throogh  red-hot 
biick  oxide  of  copper  in  an  iron  tube.     3*5  cubic  inches  of 
arhonic  rncid  ga«  were  obtained     Now  8-5  cubic  inches  of 
jc  acid  gas  weigh  I '66  grains,  which   contains  0*453 
of  carbon. 
ku»  it  appears  that  chloride  of  carbon  is  composed  of 
Chlorine         .         .         2*575  or  4*5 
Carbon  .         .         0-453  or  0-7!* 

Saw  4*5  represents  an  atom  of  chlorine,  and  0*79  approtiches 
pretty  nearly  an  atom  of  carbon. 

The  analysis,  though  not  absolutely  e?cact,  is  sufficiently  so 
te  leave  no  doubt  that  chloride  of  carbon  is  a  compoinid  of 
1  atom  chlorine         .  .  4-5 

I  atom  cfifbon  .         .         0-75 


SKt.Ut 


CompasktiDn. 


5-25 
its  atomic  weight  is  5*25.     Like  sesquichloride  of  car- 
loo  tbis  compound  is  a  neutral  body,  and  shows  no  tendency 
lo  Gomhtne  either  with  acids  or  alkalies. 

3p  JJicA/oride  ofrurlnm,  Mr.  Juliti  of  Abo  was  proprietor 
of  m  manufactory  in  which  nitric  acid  wa^  prepared  by  dlstil- 
Eng  calcined  sulphate  of  iron  with  crude  nitre,  in  iron  retorts, 
and  tlie  piroduct  was  collected  in  receivers  connected  with  glass 
tabes,  afker  the  manner  of  Wolfe's  bottles.  When  he  employed 
a  peenliar  kind  of  calcined  vitriol  from  Falilun,  known  in 
Sireden  by  the  name  of  calcined  aqua  fortis  No.  3,  the  first 
tube  was  lined  ^nth  sulphur,  and  the  second  with  fine  white 
ftalhery  crystals,  Tliese  amounted  only  to  a  few  grains  each 
iBitillatioD.  But  M*  Julin  by  degrees  collected  a  portion  of 
it  An  account  of  it  ^-as  inserted  in  tlic  Annals  of  Philosophy 
dding  the  year  1821.*  It  was  subjected  to  a  chemical  examin- 
adoo  during  the  same  year,  by  Messrs,  Faraday  and  R.  Philips, 
irbo  showed  it  to  be  a  compound  of  1  atom  chlorine  and  two 
abmis  carUon.f  These  acieular  crystals  when  purified  by  sub- 
liming them  through  lime  are  of  a  beautiful  wliite  colour.     The 


Dirhlmyeof 
carbon. 


•  VoL  L  p»  216  (second  series). 
t  Phil  Tram.  1921,  p.  3i>2* 
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chMpAi.    shape  of  the  crystals  appeared  to  Mr.  W.  Philips  to  beafour- 
~~  sided  prism. 

Propertiei.  It  sinks  slowly  in  water,  is  tasteless,  and  has  a  peculiar  smell, 
which  Mr.  Julin  compares  to  that  of  spermaceti.  It  is  insolu- 
ble in  water,  and  is  not  acted  on  by  sulphuric,  nitric,  or  muri- 
atic acids.  Nor  is  it  acted  on  by  alkaline  solutions.  It  dissolves 
in  alcohol,  and,  doubtless,  also  in  ether,  though  the  action  of 
that  liquid  was  not  tried.  It  is  soluble  in  hot  oil  of  turpentine, 
and  is  deposited  in  needles  as  the  liquid  cools. 

When  heated  it  melts,  and  boils  and  sublimes  at  a  tempera- 
ture between  350<»  and  400°.  At  250®  it  sublimes  slowly 
without  melting.  In  the  flame  of  a  lamp  it  birnis  with  a 
greenish  blue  flame,  giving  a  slight  smell  of  chlorine  gas. 
Potassium  bums  vividly  in  its  vapour,  and  carbon  is  deposited. 
The  burnt  potassium  being  dissolved  in  water,  was  copiously 
precipitated  by  nitrate  of  silver. 

When  passed  through  fragments  of  rock  crystal,  heated  to 
a  bright  red,  it  was  decomposed,  charcoal  being  deposited,  and 
chlorine  disengaged.  It  was  not  acted  on  by  chlorine.  When 
the  vapour  was  mixed  with  oxygen  gas,  and  detonated  over 
hot  mercury,  carbonic  acid  gas  and  chloride  of  mercury  were 
formed.  There  was  no  change  of  volume  when  the  oxygen 
was  in  excess ;  but  when  the  vapour  was  in  excess  the  volume 
increased  after  the  explosion,  and  carbonic  oxide,  carbonic  acid, 
and  chloride  of  mercury  were  formed.  Phosphorus,  iron,  tin, 
&c.  when  heated  to  redness  in  its  vapour,  decomposed  it ;  chlo- 
rides of  these  bodies  being  formed,  and  charcoal  deposited. 

CompMition.  Three  grains  of  it  passed  in  vapour  through  red-hot  black 
oxide  of  copper,  gave  5*7  cubic  inches  of  carbonic  acid,  and  the 
chlorine  in  the  oxide  of  copper  being  thrown  down,  gave  6*1 
grains  of  chloride  of  silver.  In  this  experiment  the  whole  of 
Uie  substance  was  not  decomposed. 

5*7  cubic  inches  of  carbonic  acid  gas  weigh  2*7  grains,  and 
contain  0*736  grain  of  carbon. 

6*1  grains  of  chloride  of  silver  contain  1*5  gr.  of  chlorine. 
This  gives  us 

Chlorine         .         .         1*5      or  4*5  or  1  atom 
Carbon  .         .         0-736      2-2  or  3  atoms 

Two  grains  were  passed  over  quicklime,  raised  to  a  red  heat 
in  a  green  glass  tube.  Ignition  took  place,  and  much  charcoal 
was  deposited.  The  lime  being  dissolved  in  nitric  acid,  and 
the  solution  precipitated  by  nitrate  of  silver,  5"9  grains  of 


EbUoride  of  silver  were  obtained  =  1*45  chlorine.     According    ««*  hl 
to  ihis  experiment  it  id  composed  of 
Chlorine         •         .  1*45  or  4-5  or  I  atom 


I 


CARBON 


Carbon  ,         .         0-55        1*7      2yf  j  atom 


This  hat  experiment  is  much  more  accurate  tlian  the  preceding, 

and  it  ogmes  so  neiir  1  atom  chlorine  and  two  atonic  carbon, 

Ibat  we  can  have  little  hesitation  in  coriisidering  the  substance 

bv  M.  JuUn,  to  be  a  dichloride  of  carbon,  or  a  com- 

of 

1  atom  chlorine         •  ,         4'5 

C  2  atoms  carbon  .         •         1*5 

So  tliat  its  atomic  weight  is  6.  Like  the  other  two  compounds 
rf  dilorine  and  carbon  it  is  a  neutral  body. 
■  IIL  Serullas  has  discovered  a  liquid  compound  of  bromine 
pd  carbon  which  has  not  yet  been  subjected  to  a  rigid  analysis*; 
out  from  analogy  there  can  he  Httle  doubt  that  it  is  a  simple 
wonude  of  carl)on  like  the  chloride  of  Farnday. 

Sescjuiodide  of  carbon  was  tltrown  upon  bromine  in  excess, 

tnaghtw  tube.     The  action  was  instantaneous;  much  heat 

was  cvolred,  and  a  noise  was  heard  similar  to  that  which  t^ikes 

fhem  when  a  red-hot  iron  is  ptunged  into  water;  bromide  of 

and  bromide  of  carbon  are  formed  at  once.     Water  dis- 

tlie  bromide  of  iodine,  while  the    l>romide   of  carbon 

tu  the  state  of  a  liquid  at  the  bottom  of  the  wnier^  and 

pokrareil  by  an  excess  of  bromine.     This  is  removed  by  C4iustic 

prtailu     The  bromide  of  carbon  thiL^  purified  is  a  colourless 

liqtiid*      It  lias  an  etherial  and  penetrating   smell,   and  an 

asceedingly  sweet  tjiste,  which  it  communicates  to  water,  being 

i%Mly  ftoluble  in  that  liquid.^ 

By  exposure  to  the  air  it  acquires  a  light  red  colour.     It  is 

wTiter^  but  its  exact  specific  gravity  has  not  been 

When  cooled  *Iowti  to  about  45°  it  becomes  solitl, 

itrig  a  crystalline  texture.     When  heated  at  the  flame  of 

a  candk^  it  gives  out  the  red  vapours  of  bromine ;  hut  does 

not  baitl  with  flame.f     This  bromide  has  not  been  analyzed; 

bat  analagy  leaves  little  doubt  that  it  is  a  simple   bromide 

of 

iLoo.  de  Cbim.  ct  de  Phyi.  xxxn.  d7.  f  Ibid,  xxxix.  228. 
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c***?-  ^^  1  atom  bromine  .         .  10 

1  atom  carbon  .         .  0*75 


10-75 

So  that  its  atomic  weight  is  10*75 

When  an  alcoholic  solution  of  bromine  is  mixed  widi  ■ 
alcoholic  solution  of  potash,  the  mixture  acquires  a  sweettHk 
and  an  aromatic  smell;  shouting  the  formation  of 
of  carbon.  But  no  sesquibromide  of  carbon  can  be 
in  this  way,  as  liappens  with  the  analogous  solutions  of 
HydrcMaiim.  2.  Balard  ascertained  that  bromine  readily  combines  «tt 
mine:  carbou  and  hydrogen,  or  rather  with  olefiaut  gas,  fbraaf 

a  compound,  wluch  has  been  called  hydrfMHxrburei  qfbromm 

If  we  let  a  drop  of  bromine  fall  into  a  phial  filled  vii 
oleiiant  gas,  it  is  inmiediately  converted  into  a  tran^piR^ 
colourless  liquid,  having  no  more  the  odour  of  bromine;  ta 
an  aromatic  and  agreeable  smell.  It  is  readily  volatiliied,!!! 
when  passed  through  a  red-hot  tube  it  undergoes  deoonqM- 
tion ;  charcoal  Ls  deposited  and  hydrobromie  acid  disengagcA 

It  bums  when  placed  in  contact  with  a  red-hot  body,  girii| 
out  acid  vapours  and  a  thick  smoke  consisting  of  carbon  iii 
minutely  divided  state. 

We  obtain  a  similar  compound  by  distilling  tiie  moAff 
water  of  salt  springs,  rendered  yellow  by  chlorine.  TTie  lii^ 
mine  obtained  is  often  mixed  with  hydro-carburet  of  broim 
which  may  be  separated  by  a  little  water.  Sometimes  in  p(^ 
forming  this  operation,  the  whole  bromine  is  converted  oii 
this  hydro-car1)uret.  The  change  is  probably  owing  to  Ar 
action  of  the  bromine  on  some  organic  matter  contained  btk 
water.! 
lodww.  IV.  It  appears  from  the  experiments  of  Mitcherlich,  th 

carbon  and  iodine  unite  in  two  proportions,  as  well  as  cvhi 
and  chlorine,  forming  a  solid  and  a  liquid  compound,  wUA 
have  considerable  resemblance  to  the  analogrous  chlorides' 
carbon.^  These  two  compounds  were  both  discovered  k 
Serullas.§ 
sjqutodideof  1,  Sesquiodi'ffe  of  carbon.  Tliis  compound  was  discoffff' 
by  SeruUas  in  1722.  Mr.  Cooper  discovered  it  in  1723^  wft 
engaged  in  tlie  preparation  of  iodine,  witliout  being  awve' 

^  Ann.  de  Chim.  ct  de  Phys.  xxxIk.  229. 

t  Ibid,  xxxii.  375.  t  Ibid,  xxxvii.  85. 

§  Ibid.  XX.  163     xxii.  172;  and  xxv.  31 1. 


i 


the  previous  experimen ts  of  Serullas.  *  It  was  again  discovered  ^^- 1"* 
by  Mr.  Scaiikn  in  lB25.t  Both  Mr.  Cooper  and  Mr.  Seanlan 
OODiidered  it  as  a  simple  iodide  of  carbon.  SeruUas  considered 
it  as  a  compound  of  iodine,  hydrogen^  and  carbon.  Mr.  Fara- 
dsy,  who  witnessed  the  experiments  of  Mr.  Cooper,  was  not 
quite  eonrineed  that  it  contained  no  hydrogen.  Mitclierlieh 
ha&  not  yet  published  his  experiments.  But  SeruUas  resumed 
the  investig^rion4  and  satisified  himself  that  it  is  a  true  ses- 
qmoiide  of  carbon.  Indeed,  the  analogy  l>etween  these  eom- 
pottfids  and  the  chlorides  is  so  close,  as  to  leave  little  doubt  of 
die  identity  of  their  composition. 

The  easiest  method  of  obtaiuing  it  is  that  of  Mr.  Seanlaii,  PrepM-ation 
It  Ls  this-  To  an  alcoholic  solution  of  iodine  add  caustic  potash 
till  the  colour  be  destroyed^  the  liquid  becomes  turbid,  and  a 
white  powder,  todate  of  potash,  falls.  Distil  with  a  very  gentle 
keat  the  alcohol  from  the  cb^ar  liquor,  whieli  is  yellowisli.  On 
moimg^  the  iodide  of  carbon  is  deposited. 

Iodide  of  carbon  thus  obtitiued  is  in  small  plates,  opaque,  P^ojwQk 
•f  a  bright  sulphur  yellow  colour.  It  has  a  strong  aromatic 
resembling  tliat  of  saffron.  Its  taste  has  been  compared 
L^  tbftt  of  nitric  ether.  I  would  ciill  it  sweety  judging  from  my 
^^■n  palate.  Its  specific  gravity,  as  deterniined  by  SeruUas,  is 
^^ft  or  the  ftame  as  that  of  sesquichloride  of  carbon. 
^^"  l^'han  heated  it  melts,  and  if  the  heat  be  inereitsed,  iodine 
Ifapomra  fwe,  and  carbon  remains  behind.  It  may  be  distilled 
^Hferr,  along  with  water,  unchanged  ;  but  a  heat  not  much 
^Bjpher  than  that  of  boiling  water  decomposes  it.  At  least  it 
may  be  decomposed  by  heating  it  on  paper  witliout  charring 
die  paper. 

It  i*  insoluble  in  water.     But  dissolves  readily  in  alcohol^ 

and  when  the  solution  is  mixed  with  water,  the  io^lide  falls 

whltei      When  the  alcoholic  solution  is  exposed  to 

eraporation,   the    io*!ide    crystallizes    in    slender 

When  heated  with  iron  or  zinc  it  is  decomposed,  and 

iixlide  formed. 

>  analyzed  this  compound  by  passing  it  through  hot 

cixide  of  copper.     One  gramme  of  the  sesquiodide  gave 

Utres  =  3-554  cubic  inches  of  carbonic  acid,  contain- 

0-4^8  puin  of  carbon.      The  copper  dissolved  in  nitric 

and  precipitated  by  nitrate  of  silver,  gave  1'698  grammes 


•  Atmab  of  Philosophy  (2d  series),  x.  15.  f  Ibid*  p,  14. 

4  Attiu  d«  C^him.  et  de  Phys.  xxxix.  225. 
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Cbm^  11, 


Iodide  of 
carbon. 


of  iodide  of  silver,  containing  14  grains  troy  of  iodine.  Hence 
it  is  composed  of 

Iodine  •         •  14  or  22-92 

Carbon  .         .  0-458  or    0-75 

Now  0'75  represents  an  atom  of  carbon,  and  22*92  differs  but 
little  from  1^  atom  of  iotline.  For  H  atimi  imline  —  2;3*625, 
From  this  analysis  there  seems  no  doubt  that  it  is  a  sesquiodide 
of  carbon,  and  quite  analogous  to  tlie  sesquieliloride  of  carbon 
discovered  b}^  Faraday** 

2.  Iodide  of  carbon  was  discovered  by  Sernllas  after  he  had 
become  acquainted  with  the  solid  iottide.  His  mode  of  obtain- 
ing it  was  as  foUoAvs-t  Equal  weights  of  hkhioride  of  phos- 
phoi'us\  and  sesqniodide  of  carbun^  both  as  dry  as  possible,  are 
triturated  together  in  a  mortar.  This  mixture  is  put  into  a 
phialj  into  the  mouth  of  which  a  bejit  tube  was  luted.  Heat 
is  applied  to  the  bottom  of  the  phial  while  the  open  end  of  the 
tube  is  plunged  into  a  vessel  tilled  with  whaler.  The  heat 
must  be  just  sutBcient  to  melt  the  iodide  of  carbon.  Some 
vapours  of  iodine  first  make  their  appearance.  Tlien  a  red 
liquid  passes  o\  er  and  falls  to  the  bottom  of  the  water,  where 
it  speedily  loses  its  red  colour.  Iodine,  chloride  of  iodine,  and 
iodide  of  phosphorus,  remain  in  the  phiaL  The  liquid  is 
separated  from  the  water,  whielj  has  become  acid,  l*y  meiuis  of 
a  funnel  with  a  capillary  tube.  Then  a  solution  of  caustic  pot- 
ash is  poured  over  it  to  wash  it;  and  tins  solution  is  afterwards 
separated  in  the  simie  way  by  means  of  a  fuiniel.  Care  mu^t 
be  taken  not  to  apjdy  too  much  heat  to  the  phiiil  tow4\rds  the 
end  of  the  process ;  otherwise  a  portion  of  the  residue  passes 
over,  acts  upon  the  liquid  ioditle  of  carbon,  occasions  a  con- 
siderable heat,  and  diminishes  its  quantity  considerably. 

Tlie  liquid  thus  obtained  is  io<lide  of  carbon,  not  however 
quite  free  from  hydrocarburet  of  chlorine.  From  this  it  is 
freed  by  pouring  on  it  about  five  times  its  bulk  of  concentrated 
sulphuric  acid,  and  stirring  the  mixture  from  time  to  time  with 
a  glass  rod.  By  the  action  of  tliis  acid  the  hydrocarburet  of 
chlorine  is  destroyed,  and  the  pure  liquid  iodide  of  carbon  col- 
lects at  the  bottom,  being  heavier  than  the  sulphuric  acid.  It 
is  separated  by  the  capillary  funnel,  washed  with  a  solution  of 


*  Ann.  de  Chirn,  ct  tie  Phys.  xxxix.  230.  f  Ibid*  xxv.  3U. 

\  A  solid  volatile  substance,  obtained  by  burning  phosphoms  in  chlorine 
giis.  It  will  be  tleacribcd  in  the  6ih  section  of  this  chapter.  It  has  lieen 
since  found  much  better  to  substitute  corrosive  Bubhmate  for  this  biehlonde, 
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CARBON. 

oiufstic  potasli,  to  get  rid  of  the  siilpliuric  acid ;  and  lajstly,  v^^tll 
pure  water  to  ^et  rid  of  the  potash, 

loditU*  of  carlioii  thus  prej>ared  is  a  transparent,  light  yellow 
li quill,  heavier  than  eoneentmted  sulpliuric  acid*  It  has  a 
peculiar  etherial  smell,  very  powerful  and  agreeable.  It.s  taste 
id  very  sweet,  with  a  sensation  of  coohiess  analogous  to  that 
pro*iuced  by  mint.  It  is  slightly  8oluhle  in  water,  to  which  it 
communicates  its  taste  and  smell.  Chlorine  in  solution  in 
water  does  not  act  upon  it ;  but  gaseous  chlorine  decomposes  it 
rapidly.  Sulplmrie  acid  does  not  act  on  it.  It  Joes  not  become 
solid  though  cooled  down  to  3'2^. 

M'lien  rxpiised  to  Uie  air,  even  under  water,  and  in  close 
vessels,  it  assumes  a  red  colour,  winch  becomes  more  and  more 
intense.  Potassium  is  not  altered  l^y  it.  It  does  not  burn 
though  brought  in  contact  with  the  flame  of  a  candle.  But  it 
gives  out  abundance  of  violet-coloured  vapours,  which  act  power- 
fully on  starch  jelly,  rendering  it  blue.  Oxygen  gas  mixed 
with  its  vapour,  neither  burns  by  electricity,  nor  when  held  to 
the  flame  of  a  candle. 

Seruihts,  after  ascertaining  that  it  contained  no  hydrogeni 
(and  indeed  from  the  sul>stances  employed  ui  it«  preparation, 
there  was  no  room  for  sup|)osing  tliat  it  contained  fmy,)  sub- 
jected it  to  analysis  by  piLssing  it  through  red-hot  black  oxide 
of  copper.  He  collected  and  measured  the  carbonic  acid  gag 
formed,  and  threw  down  the  iodine  in  tlie  htate  of  iodide  of 
silver,  by  dissolving  the  copper  in  nitric  acid,  and  adding  nitrate 
of  silver  to  the  sobition.  He  has  not  given  us  the  steps  of  the 
analysis,  but  merely  the  quantities  obtained,  which  he  states 
to  be 

»  Iodine  .         ,         0-9952  or  16-14 

Carbon  .  .         0-0462  or    0-75 

0'73  is  the  weight  of  an  atom  of  ciirbon,  and  16-14  approaches 
ver)^  nearly  15*75,  the  weight  of  an  atom  of  iodine. 

There  can  be  no  doubt  from  tliis  analysis  that  the  iodide  is 
a  compound  of 

1  atom  iodine  ,  .  15-75 

I  atom  carbon         .         .  0*75 


Sect.  in. 


PropcftUiw. 


Coropoiltioii. 


16-50 


So  that  its  atomic  weight  is  16-5,  and  it  is  quite  analogous  to 
the  chloride  of  carbon  discovered  by  Faraday.* 


*  Scrulias;  Aon.  de  Cbim.  et  de  Phys.  xxxU.  *^31. 
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^^^'H^  ^1-        3.  Hydrocarburet  of  iodine.     This  compound  was  discorod 
Hydio.carbu.  by  Mr.  Faraday  in  1821.     A  retort  containing^  iodine  is 
ret  of  iodine,  filled  with  defiant  gas  aiid  cxposcd  to  the  ray  s  of  the  siui.   Tie 
gas  was  gradually  absorbed  by  the  iodine,  and  colourless  ajv 
tals  made  their  appearance.      These  crystals  constitute  tk 
hydrocarburet  of  iodine.     To  obtain  them  pure,  a  solutico  i 
caustic  potash  was  introduced  into  the  retort  to  wash  out  tk 
excess  of  iodine.     The  hydrocarburet  was  then  collected  obi 
filter  and  dried. 
*'*«i*rti«f         It  is  a  solid  white  crystalline  body,  having  a  sweet  taste  «1 
aromatic  smell.     It  sinks  readily  in  sulphuric  acid  of  the  wjt 
cific  gravity  1*85.      It  is  friable.     It  is  a  non-condnctonf 
electricity.     When  heated  it  first  fiises,  and  then  buUSh 
unaltered.      Its  vapour   condenses  into  crystals,  which  si 
either   prismatic   or   in   plates.      On  becoming^   solid,  lAv 
fusion,  it  crystallizes  in  needles.    The  crystals  are  tnuispiifA 
When  strongly  heated  it  is  decomposed,  and  iodine  embii 
It  is  not  reiidily  combustible,  but  when  held  in  the  flame  flf  i 
spirit  lamp  it  burns,  diminishing  the  flame,  and  giviiy  li 
abundance  of  iodine  and  some  fumes  of  hydriodic  acid.    It  s 
insoluble  in  ^vator,  and  in  acid  and  alkaline  solutions,    b  i 
soluble  in  alcohol  and  ether,  and  may  be  obtained  in  cmttb 
from  these  solutions.     The  alcoholic  solution  has  a  very  svrf 
taste,  but  leaves  a  peculiarly  sharp  biting  sensation  on  the  toi^ 
Sulphuric  acid  does  not  dissolve  it     When  heated  in  At 
acid  to  between  ;300°  and  400®  it  is  decomposed,  apparendjk 
the  heat  alone ;  iodine,  and  a  gas  (probably  olefiaut  gas),  bdiC 
disengaged.     Solution  of  potash  acts  on  it  very  slowly,  eis 
at  the  boiling  point;  but  gradually  decomposers  it.* 
compodtion.       Mr.   Faraday  analyzed  it  by  pfissing  4  grains  of  it  •« 
heated  copper  in  a  green  ghiss  tube.     Iodide  of  copper  vi 
formed,  and  pure  olefiant  gas  evolved,  amounting  to  l'37cJ* 
inches.     Now  1*;37  cubic  inches  of  olefiant  gas  weigh  (MB 
grain.f     Hence  the  hydrociurburet  is  composed  of 
Iodine  .  .         3-585  or  15.75 

Olefiant  gas         .         .         0-415  or     1»824 


4-000 
Now  olefiant  gas  is  a  compound  of  two  atoms  of  carbon  =  W 
and  2  atoms  of  hydrogen  =  0*25  ;  so  that  its  atom  weighs  l'^: 

•  Phil.  Trans.  1821,  p.  72. 

t  Annals  of  Pfailoso{)by  (2d  scries)*  iv.  153. 


1*6^  exceeds  this  only  a  very  little.  TTie  error  arises, 
doubde^  from  the  diifieulty  of  estimatiiig  the  volurae  of  gas 
evolved  witli  absolute  precision*  There  can  be  no  doubt  then, 
dot  this  liydrocarburet  is  a  cotnpouiid  of 

1  atom  iodine  .         *  15*75 

1  atom  olefiant  gas         .         .  1-75 


17*50 


Aad  that  ita  atomic  weight  is  1 7-5,  Like  the  iodides  of  carbon, 
k  is  n  neutral  substance,  being  incapable  of  forming  definite 
compoantb  with  acids  or  bases.  It  differs  from  the  solid  iodide 
•f  curlwo,  simply  by  containing  '2  atoms  of  hydrogen,  which 
lliat  compound  w^ants. 

If  we  could  succeed  in  forming  a  compound  of  two  atoms  of 
Midine  with  one  atom  of  carbon,  it  would  probably  possess  acid 
limperties.  It  would  in  its  composition  be  analogous  to  car- 
^pnic  acid.  The  iodides  of  carbon  known,  contain  a  greater 
^BO|»ortion  of  carbon  than  even  carbonic  oxide.  We  need  not 
k  surprised  then  that  tliey  are  neutral.  For  carbon,  in  the 
mmgkt  cxMiibinations  which  it  forms  witli  supporters,  show^  no 
ilipmidon  to  constitute  a  base  or  alkaline  body* 

V.  Notliing  is  at  present  kno^'n  respecting  the  combinations 
idcariKm  m\A  fluorine. 

W  Carbon  and  hydrogen  have  tlie  property  of  combining  Hydro-cMbu- 
with  eAch  other  in  a  great  number  of  proportions,  and  of  forming 
■any  compounds,  all  of  which  are  remarkably  combustible,  and 
OKDjr  of  them  are  of  great  importance.  It  would  be  improper 
here  to  give  an  account  of  the  whole  of  them,  as  many  of  them 
bdoag  to  the  vegetable  kingdom,  and  eonstilnte  compounds, 
with  the  constitution  of  whicli  we  are  but  imperfectly  acquainted. 
I  ihall  ifttisfy  myself  here  witit  pointing  out  those  compounds 
of  hydrogen  an<l  csuljon  that  are  simplest  in  their  nature,  and 
constitution  has  been  most  accurately  made  out. 


L  Cfirburett€€l  hydriig€n  gas.  This  gas  makes  its  **PP^^^' uJSj!;!!*®* 
in  cual  mines,  and  has  been  long  known  under  the  name 
cljfre  datnp*  Accounts  of  it,  as  early  as  1640,  are  recorded 
it  the  Philosophical  Transactions.'  It  is  mentioned  by  Dr. 
IVioatlo'  uoder  the  name  of  heavy  ifijlammai/ie  air;  Init  was 
aot  particularly  examined  by  him.     It  was  Mr.  Dal  ton  who 


•  Pbil.  Irani.  1677,  No.  130^  p.  89J. 
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ct»«p-  "•    first  determined  its  composition  with  accuracy.      I  ctmtami 
the  accuracy  of  his  results  in  1811.* 

We  are  not  cicqumnted  with  any  method  of  forming  it  iiti- 
ficmlly ;  but  it  may  be  collected  pure,  or  nearly  so,  from  i 
blower  in  a  coal  mine.  There  is  a  very  copious  discharge  of  k 
through  a  simill  rivulet,  which  crosses  the  nortli  road  betwca 
Glasgow  and  Edinburgh,  about  seven  miles  from  Glasgow,  ad 
only  a  few  hundred  yards  from  the  house  of  Bedlay.  It&n 
a  jet  several  inches  hi  diameter,  and  issues  with  conadenlilr 
violence,  as  if  it  had  been  in  a  state  of  compression  under  At 
earth.  This  gas  is  pure,  except  that  it  is  mixed  with  12*5  fo 
cent,  of  common  air. 

This  gas  may  also  be  collected  from  stag^nant  water  pookb 
attaching  a  large  glass  phial  to  a  piece  of  wood,  so  that  it  M 
float  on  the  surface  of  water,  with  its  mouth  just  under  the 
ace.  Into  this  mouth  should  be  fixed  a  funnel  (a  piece  of  i 
oiled  paper  will  ans^'er).  Fill  tlie  phial  with  water,  and  octi 
afloat  with  its  mouth  undermost.  Then  stir  the  mud  at  the  boM 
of  the  pond  or  ditch.  Air  bubbles  rise  in  abundance,  andoM 
fill  the  phial.  The  gsis,  thus  collected,  should  be  washed  vi 
a  solution  of  potash,  or  with  lime  water,  in  order  to  sepantoJ 
quantity  of  carbonic  acid  with  which  it  is  mixed.  It  unalr 
contains,  also,  some  common  air.  But  I  shall  suppose  itptf 
in  the  following  description. 
P«»pwti«t.  Carburetted  hydrogen,  thus  obtained,  is  colourless,  and  p» 
sesses  the  mechanicsil  properties  of  common  air.  It  has  nekb 
taste  nor  smell.     Its  specific  gravity  is  0'5555. 

Its  power  of  refracting  light  is,  according  to  the  experioctf 
of  Dulong,  1*504,  that  of  air  being  l.f  Perkins  affirms  dt 
he  condensed  it  into  a  liquid,  by  subjecting  it  to  a  pressured 
1200  atmospheres.^ 

It  produces  no  change  on  vegetable  blues,  and  does  K 
combine  either  with  acids  or  bases.  It  is,  therefore,  a  me^ 
compound. 

This  gas  cannot  be  breathed  by  animals  without  danp 
When  it  Ls  dniwn  two  or  three  times  into  the  lun^  it  prodncfi 
asphyxia.  I  once  accidentally  inhaled  it;  being  anxiouV 
empty  a  gas-holder  filled  with  it,  as  quickly  as  possible,  I  zpfSi 
my  mouth  to  the  stop-cock  to  draw  it  out.     After  two  or  thr* 

*  Memoirs  of  the  Wemerian  Society,  i.  506. 

t  Ann.  lie  Chim.  ct  de  Phys.  xxxi.  266.       J  Phil.  Trans.  ISSStp.^ 


utions  I  fell  insensible  on  tlie  floor.  But  rocoverSrt  again 
in  about  twenty  minutes  without  feeiing  any  bad  eifects  what- 
erer*  except  a  slight  Iieadacli,  which  soon  went  off. 

Carburetled  hydrogen  bums  u4th  a  strong  yellow  flame 
dfollar  to  tliat  of  a  candle  when  a  jet  of  it  is  kindled  by  the 
ipplication  of  a  burning  candle  to  it.  But  it  requires  a  much 
higher  temperature  to  set  it  on  fire,  tkm  any  other  gas  wliat- 
erer.  Davy  showed  that  a  white  heat  was  requisite  for  the 
purpose.  Hence  the  reason  why  a  lamp  si»rrouuded  with  wire 
^smie  does  not  cause  a  mixture  of  thi;^  gas  and  common  air  to 
esplode  in  coal  mines.  This  constitutes  the  lamp  of  Da^y, 
which  has  been  of  so  much  use  in  the  wurkiug  of  those  mines 
wUch  are  troubled  by  fire-damp.  ^\ljen  carburet  ted  hydro- 
gen g»s  gets  within  the  lamp  it  burns ;  but  the  flame  is  so 
Dtueh  eu€>led  in  passing  through  the  meshes  of  the  gauze  as  to 
be  unable  to  set  fire  to  the  exploding  mixture  in  the  mine*  It 
ii  for  the  same  reason  that  a  mixture  of  carburet  ted  hydrogen 
Cttd  ojTjgen  gas  is  not  acted  on  at  ordinary  temjieratures  by 
spoogy  platinum.  Even  a  temperature  of  555^  was  found  by 
Dr-  Henry  insufficient  to  cause  any  comhiuation.  Upon  tliis 
cittxttire  iSpongy  platinum  was  f|uite  inert. 

When  this  gas  is  mixed  with  oxygen  gas,  and  when  an 
ebcirical  ^ark  is  passed  through  the  mixture^  it  detonates 
with  coDftidemble  nolence.  It  does  not  burn  unless  the  bulk 
of  die  oxygen  rather  exceeds  its  own  bulk;  and  it  ceases  to 
honi  when  the  oxygen  is  more  tlian  2|  times  its  own  bulk. 
If  we  mix  it  with  common  air,  it  burns  if  it  amounts  to  j'gth 
of  the  air,  and  it  ceases  to  burn  if  it  exceeds  ^th  of  the  air.  In 
ill  proportions  between  these  two  extremes^  it  bums  with 
fiolence.  For  complete  combustion  it  requires  twice  its  volume 
of  oxygen  gas,  and  produces  exactly  its  own  volume  nf  carbonic 
icid  gas.  The  only  remaining  product  is  water.  Now  it  is 
JMoUB  that  one  lialf  of  the  oxygen  went  to  the  formation  of 
carbonic  acid,  and  the  other  half  to  the  formation  of  water. 
This  last  portion  mnst  have  comhiJied  witli  a  quantity  of  livdro- 
gen,  wbich^  if  it  had  been  in  an  uueombined  state,  wouhl  have 
amounted  to  twice  the  volume  of  tlie  original  gas.  Therefore 
carb<ifretted  hydrogen  is  composed  by  weight  of 

1  volume  carbon  vapour         .         .         0-4166  or  D*75 

2  volumes  hygrogen  gas         .         *         0-1 3B8  or  0*25 

of  three  parts  of  carbon  and  1  part  of  hydrogen.  It  is 
obviouft  that  0*75  represents  1  atom  of  carbon,  and  that  0*25 


C-ompoiitldii. 
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ct»«p.n-    represents  two  atoms  of  hydrogen.  It  is  therefore  a  com- 
pound  of 

1  atom  carbon                 .  .  0*75 

2  atoms  hydrogen           .  .  0*25 


1 

And  its  atomic  weight  is  precisely  the  same  as  that  of  oxygen 
or  unity. 

When  this  gas  is  mixed  with  chlorine  no  action  takes  place 
in  the  dark.  But  when  the  mixture  is  exposed  to  the  light,  at 
least  if  it  be  in  contact  with  water,  the  carburetted  hydro- 
gen is  gradually  converted  into  carbonic  acid.  That  the 
decomposition  may  be  complete,  we  must  mix  together  four 
volumes  of  chlorine  with  one  volume  of  carburetted  hydrogen 
gas.  The  carbonic  acid  gas  formed  constitutes  a  volume.  It 
is  obvious  that  two  atoms  of  water  must  be  decomposed  in  this 
process.  The  4  volumes  of  chlorine  are  converted  into  muri- 
atic acid.  For  this  they  must  combine  with  4  volumes  of 
hydrogen  gas.  Two  of  these  volumes  exist  in  the  carburetted 
hydrogen ;  the  other  two  must  be  obtained  from  water.  These 
two  volumes  of  hydrogen  will  liberate  1  volume  of  oxygen ; 
which  uniting  with  volume  of  carbon  in  the  carburetted  hy^ogen 
will  form  a  volume  of  carbonic  acid.  Such  is  the  process.  It 
was  first  studied  by  Mr.  Cruikshanks,  and  afterwards  more 
completely  investigated  by  Dr.  Henry. 
Abnrbedbj  It  is  Said  that  this  gas  is  absorbed  and  destroyed  by  chloride 
um«.  of  lime,  and  the  use  of  this  substance,  now  so  cheap  and  so 

easily  procured,  has  been  recommended  to  free  coal  mines  of 
this  most  disagreeable  inmate,  and  to  render  them  clear.  It 
is  said  that  if  six  or  eight  pounds  of  chloride  of  lime  be  spread 
over  night  in  a  contaminated  gallery,  the  whole  carburetted 
hydrogen  will  be  absorbed  in  a  few  hours.*  I  am  not  aware 
of  any  case  in  which  this  trial  has  been  made  in  this  country, 
but  the  proposal  is  surely  deserving  the  attention  of  coal  pro- 
prietors, especially  near  Newcastle,  where  so  many  accidents 
from  Jire  damp  annually  occur, 
oieflantgu.  2.  Olefiant  gos.  This  gas  was  discovered  in  1796  by  the 
associated  Dutch  chemists  Bondt,  Dieman,  Van  Troostwick, 
and  Lauwerenburg.t  Some  experiments  were  afterwards 
made  upon  it  by  Cruikshanks,  BerthoUet,  and  Dr.  Henry ; 

*  Dumas'  traite  de  Chimie  appliquee  aux  arts,  i.  482. 
t  Their  Memoir  was  published  in  the  Jour,  de  Ph}^.  xlv.  178,  and  an 
abstract  of  it  in  the  Ann.  de  Chim.  xxi.  46. 
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and  its  compmitioii  was  accurately  investigated  by  Mr,  Daltoii, 
I  publisluHl  a  set  of  ex]>eriineiits  on  it  in  181  L*  About  the 
!^atJle  time  an  analyHL«t  of  it  was  published  by  M.  Thecnlore  de 
SaaHsure.f 

It  ij»  ea^sily  obtained  by  mixing  together  in  a  retort  four 
parts  of  sulphuric  acid,  and  one  pjirt  of  alcohol,  and  applying 
the  heiit  of  a  lamp  while  the  beak  of  the  retort,  is  phing-ed  into 
a  1%-ater  trouglu  A  gas  comes  over  in  abundance,  which  may 
be  received  m  glass  jiu^  inverted  over  water. 

Oletiant  gas,  iIiuh  prepared,  is  invisilde,  and  possesses  the  PropCTtict. 
.  meehatiieal  properties  of  common  air.  It  Is  destitute  both  of 
lliste  and  smell.  Its  fipecifie  gravity,  as  determined  by  me  with 
great  aire,  is  0'i)709.  But  it  will  be  seen  inunediately  that  its 
true  specific  gravity  is  0-97*2*2,  or  the  same  as  that  of  azotic  gas, 
I  Its  refracting  power,  as  determined  by  Ihdong,  is  2'i30*2,  that 
I  of  air  being  I4  ^*^  attempts  have  been  made  to  reduce  it  to 
I  a  liquid  by  pressure.  It  would  certainly  require  less  pressure 
I  than  carburetted  hydrogen  gas, 

I       This  gas,  like  all  those  containing  carbon,  is  not  fit  for  res- 
piration.    When  drawn  into  the  lungs  it  produces  aspliyxia. 

If  produces  no  effect  on  vegetable  blue  cfilours.  From  this 
if  would  seem  that  it  is  a  neutnil  l>ody.  But  there  are  many 
facts  that  would  lead  us  to  admit  tliat  it  possesses  the  charac- 
ters of  a  powerful  base.  For  it  seems  to  be  capable  of  com- 
bining with,  and  neutralizing  some  of  the  most  pow^erful  acids. 
Mr.  Faraday  has  observed,  tliat  sul|)hiiric  acid  has  tlie  property 
kif  mbaorbing  about  83  times  its  bulk  of  it^|{  and  by  this  its 
'  capacity  for  saturation  is  diminished.  It  is  believed  at  present, 
that  nitric  etJier  and  some  other  ethers  are  combinations  of 
this  gas  with  an  acid.  We  shall  find  afterwards,  that  it  has 
the  property  of  combining  ^i-ith  sulphuric  acid,  and  of  mmlify- 
ing  its  nature.  And  some  of  the  compounds  which  it  forms 
with  ladine  and  bromine  have  been  already  noticed.  In  short, 
from  its  characters  taken  altogether,  it  must  be  considered  as  a 
base :  but  a  base  incapable  of  producing  any  alteration  on 
vegetable  blues. 

I      Wlien  electric  sparks  are  passed  through  olefiant  gas  for 
piBie  time,  its  volume  increases,  and  carbon  is  thrown  down. 

*  Mcmairs  of  the  Werneriiin  NotumJ  Histoi^  $odetj«  L  504w 
I      +  Ann.  de  Chlm*  IxxvW*  57. 
I      J  Ann.  de  Chiin.  ct  dc  Phyi*  xxxi.  866» 

II  In  the  dull  light  of  a  room  sulphuric  acid  abvorhs  about  seten  times  its 
I  volume  of  thU  gas. 
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^^'^'"'  It  is  said  that  by  continuing  this  process  the  whole  carbon  may- 
be thrown  down,  and  nothing  remains  but  pure  hydrogen  gas. 
In  such  a  case  the  volume  of  the  gas  is  just  doubled,  showing 
that  it  contains  just  twice  its  volume  of  hydrogen  gas.  It  is  said, 
also,  that  it  is  decomposed  into  carbon  and  hydrogen,  or  car- 
buretted  hydrogen,  when  passed  through  a  red-hot  porcelain 
tube. 

This  gas  bums  with  greater  splendour  than  any  other  known 
gas,  and  detonates  very  loudly  when  mixed  with  thrice  its  bulk 
of  oxygen  gas,  and  an  electrical  spark  is  passed  through  it.  It 
requires  for  its  complete  combustion  three  times  its  volume  of 
oxygen  gas,  and  produces,  when  burnt,  twice  its  volume  of 
carbonic  acid  gas.  The  only  other  product  is  water.  Now 
two  of  the  three  volumes  of  oxygen  gas  must  have  gone  to  the 
formation  of  carbonic  acid.  The  remaining  volume  must  have 
gone  to  the  formation  of  water,  and  it  must  have  combined 
with  a  quantity  of  hydrogen,  which  in  an  uncombined  state 
would  have  amounted  to  two  volumes.  Hence  it  is  composed 
of  two  volumes  of  carbon  and  two  volumes  of  hydrogen  gas 
condensed  into  one  volume. 

2  volumes  hydrogen  =  0'1388 

2  volumes  carbon  vapour  =  0'8333 


0-9722 
We  see  from  this  that  the  true  specific  gravity  must  be  0*9722. 
But  2  volumes  of  hydrogen  and  2  volumes  of  carbon  vapour 
represent  each  2  atoms.     It  follows,  therefore,  that  olefiant 
gas  is  a  compound  of 

•  Atomic  welghta. 

2  atoms  carbon  .         .         1*5 

2  atoms  hydrogen         .         .         0*25 


1-75 
We  see  from  this  that  its  atomic  weight  is  1*75 ;  the  same 
with  the  weight  of  an  atom  of  azote. 

Water,  according  to  the  experiments  of  Mr.  Dalton,  absorbs 
one-twelfth  of  its  bulk  of  olefiant  gas.*  According  to  Saussure, 
100  cubic  inches  of  water  absorb  15*3  cubic  inches  of  olefiant 
gas.t 

Wlien  olefiant  gas  and  chlorine  gas  are  placed  in  contact 
with  each  other,  a  diminution  of  bulk  takes  place,  and  a  liquid 

♦  Phil.  Mag.  xxiv.  15.  f  Annals  of  Philosophy,  vT.  340. 


CAHBOX* 


W? 


^hfflBiice  is  fonned  which  has  somewhat  the  appearance  of  an    Sict.  iil 
QBt  wbeo  the  oondea^tioii  take?;  place  over  water.     The  for-  ^'^ 
»ii  €jf  this  sab^stanee  was  first  observed   by  the    Dutch 
f  and  it  Induced  them  to  contrive  the  term  ohfianf  gaz 
fer  tlie  hydret  of  carbon.     I   examined   this   compoimd   in 
1810,  and  asoertmned  that  it  is  a  compound  of  olefiant  gas  and 
ddorine.^      Its  properties  and  compo8ition  were  still  more 
lemmtely    investigated   m    1816,    by    MM,    Robitpiet   antl 
Coliii.t 
It  is  formed  by  the  union  of  equal  volumes  of  cLlorinc  and  Hydro  c«bu- 

ret  of  chlix 

aMmt  gas.  If  a  current  of  the  two  gases  from  separate  vessels  *^^^ 
nu'el  itt  »  large  gkss  globular  vessel,  they  eomliine  ami  form 
tbe  liquid  in  question,  which  collects  at  the  bottom  of  the  globe. 
Tn  render  it  pure  there  must  be  rather  an  excess  of  olefiant 
gUL  When  there  is  an  excess  of  chlorine,  the  Hcpiid  absorbs 
ity  acquires  a  greenish  colour  and  acid  properties.  But  it  may 
be  Tendered  pure  by  washing  it  with  a  little  water,  and  then 
4ifftilling  it  oflf  chloride  of  calcium.  It  is  limpid  and  colourless 
like  wairr,  has  an  agreeable  smell  siuiihu-  to  that  of  muriatic 
rtliery  and  a  peculiar,  sharp,  sweetish,  agreeable  taste.  Its 
ic  gravity  at  45°  is  1/2'201,  the  specific  gravity  of  water 
1.  It  boils  at  152°.  At  the  temperature  of  49%  its 
is  capable  of  supporting  a  column  of  mercury  24*66 
in  length.  The  specific  gravity  of  this  vapour  lias  been 
3*4434,  that  of  air  being  L  Now  the  specific  gravity  of 
cUorine  and  olefiant  gas,  added  together,  make  3*472*2.  Hence 
il  as  obvious  that  this  body  is  formed  by  a  volume  of  chlorine 
md  a  %*0lume  of  olefiant  gas,  condensed  each  into  lialf  its 
It  is  therefore  a  compound  of 
1  atom  chlorine  *         .         4'5 

1  atom  olefiant  gas         .         .         1*75 

0-25 

Aial  ils  aloiidc  weight  is  6-25.  This  sul^staiice  has  some 
aaak]^t*s  la  ether,  but  its  solubility  in  water  is  much  greater 
thsn  tlial  of  ether.     We  may,  tlierefore,  call  it  hydro-^ar buret 

TUs  licpitd  bums  with  a  green  flame,  giving  out  copious  Propmi**, 
of  muriatic  acid  and  much  soot.     It  is  ileeomposecl  by 
passed  through  a  red-hot  porcelain  tube,  and  converted 

•  Memoirs  of  the  Wemerinjj  Societyj  i.  516, 
t  Ann,  de  Chem.  et  de  Phya,  i.  337,  aiid  ii.  206. 
o 
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^^**^  'I'    into  muriatic  acid,  and  an  inflammable  gas,  containing  hydro- 
gen and  carbon ;  while  a  copious  depasite  of  charcoal  is  made 
I  in  the  tnbe.     The  inflaramable  gas  appears  to  contain  no  other 

^_  constituent  but  carbon  and  hydrogen*     Tlie  liquid  is  decom- 

^^m  posed,  likewise,  when  passed  through  red-hot  oxide  of  copper, 

^^m  Serulbs  observed,  that  this  liquid  becomes  solid  when  cooled 

^^  down  to  45^*.* 

cjrbo-hjdro-  Q^  Carbohpdrofien.  Manufactories  of  acetic  acid  from  wood 
have  existed  in  this  country  for  a  considerable  number  of  years. 
It  is  pretty  generally  known,  that  during  the  process  there  i^ 
obtained  a  transparent  spiritous  liquor,  somewhat  more  volatile 
tban  alcohol.  This  liquor  Messrs,  Macaire  and  Mareet^  who 
analyzed  it,  have  distinguished  by  the  name  ofpi/rox^lic  spiriLf 
If  you  mix  together  in  a  flask,  3  parts  of  muriatic  acid,  !  part 
of  nitric  acid,  and  1  part  of  pyroxylic  spirit,  and  fixing  a  bent 
tube  to  the  niouth  of  the  flask,  plunge  the  open  end  of  the  tube 
into  a  mercurial  trough ;  heat  the  mixture  over  a  spirit  lamp 
till  it  begin  to  effervesce,  and  till  the  colour  changes  to 
red,  then  remove  the  lamp;  a  violent  efferv^escence  tjiket 
place,  and  a  prodigious  quantity  of  gas  passes  over.  Allow  a 
sufficient  quantit)^  to  escape^  to  be  certain  tliat  ail  the  air  of  tlie 
flask  has  been  <lriven  out,  then  collect  the  gas  in  inverted 
jars,  filled  with  mercury.  fl 

ft.         Tlie  gas  thus  obtained  m  mixed  with  chlorine,  which,  how-  ^ 
hySi^i^^      ever,  is  speedily  absorbed  by  the  mercury.     When  thus  freed 
from  chlorine  it  possesses  the  following  characters. 

It  is  transparent  and  colourless,  and  possesses  the  mechanical 
properties  of  air. 

Its  smeU  is  exceedingly  pungent  and  disagreeable  :  but  so 
peculiar  that  I  can  compare  it  to  nothing  else.  It  acts  with 
considerable  energy  on  the  eyes  and  nose,  occasioning  a  flow 
of  tears,  and  exciting  considerable  pain  in  the  eyes. 

It  is  combustible,  and  burns  with  a  lively  bluish  white  flamewj 
Water  absorl>s  aliout  five  times  its  volume  of  it,  acquiring  a 
pungent  taste,  and  the  peculiar  smeJi  of  the  gas;  but  it  Aoen 
not  alter  the  colour  of  litmus  or  cudbear  paper.  One  volume 
of  oil  of  turpentine  absorbs  30  volumes  of  tliis  gas.  It  acquires 
a  green  colour  like  cajeput  oil;  but  still  retains  its  peculiar 
smell.  Tlie  gas  is  neither  absorbed  by  acids  nor  alkalies. 
This  gas  being  analyzed,  was  found  to  be  a  mixture  of 

•  Ann.  de  Chim.  ct  de  Phys.  xxxix.  228. 

f  U  will  be  described  in  »  subse<]u€nt  part  of  this  work. 
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New  Inflammable  ges 
Deutoxjde  of  azote 
Azotic  ga3 


29 

63 

8 

100 


The  specific  gravity  of  the  inflammable  gas  was  foiuid  to  he 
4*1 757,  For  complete  combustion  it  required  twice  its  vobime 
of  oxygen  gas.  It  was  found  in  repeated  trials,  tliat  12  volumes 
of  the  gas  consumed  24  volumes  of  oxygen,  and  that  1 6  volumes 
of  carbonic  acid  gas  was  formed.  At  the  same  time  water 
appeared^  and  a  quaDtity  of  calomel  was  formed.  For  the 
combwtion  took  place  over  mercury.  It  appears  from  this, 
diai  tbe  gas  was  a  compound  of  carbon,  hydrogen,  anti  chlo- 
tine*  We  tnay  leave  the  chlorine  out  of  view  in  determining 
id  cooipo^ition,  as  the  oxygen  consumed  was  all  spent  on  tlie 
evboii  and  hydrogen.  The  16  volumes  carbonic  acid  would 
feqaiie  16  volumes  oxygen.  There  remain  8  volumes  of 
oxygen    which    require    16  volumes  of  hydrogen.     Thus  it 

I     qipears  that  the  gas  contains  equal  volumes  of  c^arbon  vapour 

HMd  hydrogen  gas. 

^^POne  volume  of  the  gas  requires  for  complete  combustion  2 
f«iliiBi68  oxygen  gas,  and  forms  1  j  volume  ot  carbonic  acid  gas. 
The  remaining  0*66  volumes  of  oxygen  gas  must  have  citmbined 
vith  1 1  volume  of  hydrogen  gas,  and  formed  water.  Hence  a 
rolume  of  the  gas  contains 

,*     **,  ^  ,     1  f  condensed  into  one  volume, 

1^  volume  of  hydrogen  gas  j 

Sp-  gr.  of  Ij  volume  carbon  vapour  0*5555 
1^  volume  hydrogen  gas  0*0926 


«Bct.m. 


0-6481 


Thk  snibtxacted  from  4*1757  (tlie  sp,  gr.  of  tlie  gas),  leaves 
a^d276»  which  approaches  3*333;3,  the  sp.  gr.  of  li  volume  of 
chkirine  gas.     Hence  the  new  gas  is  a  compound  of 

1^  votunie  carl)on  vapour,  ^  condensed  in  one  volume-    And 
I J^  volume  hydrogen  gas,  t  the  true  specific  gravity  must  be 
1  ^  volume  chlorine  gas,     j  '^'^Sli.     I  am>  however,  rather 
iarltned  to  consider  this  gas  as  a  compound  of 
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^^^^^^  1  volume  carbon  vapour        .         •  0-4166 

1  volume  hydrogen  gas  .         •  0-0694 

1^  volume  chlorine  gas  .         •  8-7500 


oil 


4-12361 

On  that  supposition  its  specific  gravity  would  be  4-2361. 

It  consists  of  1^  atom  chlorine,  united  to  a  componnlf 
carbon  and  hydrogen,  precisely  the  same,  in  the  proportiflo  i 
its  constituents  with  olefiant  gas,  but  it  contains  only  half  A 
number  of  atoms  united  together.  Olefiant  gas  is  a  compom 
of  two  atoms  carbon  and  2  atoms  hydrogen.  But  the  substaw 
in  this  inflammable  gas,  united  to  tlie  chlorine,  is  a  compomidd 

Atomic  wd^bCi. 

1  atom  of  carbon  .         .  0-75 

1  atom  of  hydrogen  .         •  0-125 


0-875 

Its  atomic  weight  is  0*875,  and  its  specific  gravity,  in  ik 
gaseous  state,  is  0*4861,  or  precisely  half  of  the  specific  gnriff 
of  olefiant  gas.  It  is  to  diis  new  compound  of  carbon  d, 
hydrogen  that  I  give  the  name  of  carbo-hydTog>en  gas.  to 
volume  of  it  will  require,  for  complete  combustion,  1 J  vol 
of  oxygen  gas,  and  it  will  form  1  volume  of  carbonic  acidg» 
Though  carbo-hydrogen  has  not  yet  been  met  \11rith9  except  ■ 
combination  with  chlorine,  I  see  no  reason  why  it  may  tf 
hereafter  be  discovered  in  a  separate  state.* 

4.  When  whale  oil  (or  indeed  any  fixed  oil),  is  exposed » 
an  incipient  red  heat,  it  is  resolved  into  a  gas,  that  burns  fA 
a  beautiful  and  very  strong  light,  and  which  was  propoeel  1^ 
a  substitute  for  coal  gas,  for  lighting  the  streets,  and 
actually  employed  for  some  time  for  that  purpose,  thongki 
was  ultimately  abandoned  as  too  expensive.  The  nature  ^df 
gas  from  oil  differs  very  much,  according  to  the  temperature^ 
which  it  is  prepared.  The  lower  the  temperature  the  ttb 
is  the  specific  gravity  of  the  gas,  and  the  greater  is  the  1^ 
dour  with  wliich  it  burns.  If  the  oil  be  exposed  to  a  stnif 
red  heat,  the  gas  into  which  it  is  converted  is  little  superiif* 
coal  gas. 
Tr^j^bo-        In  the  year  1820,  Mr.  Dalton  prepared  a  quantity  of  * 

*  For  a  more  particular  account  of  this  new  gas,  which  I  discormd  v 
1826,  and  which  I  have  called  scsquichloride  of  carbo-hydn)geii9  ^e  B> 
Trans.  Edin.  xi.  15. 


CABBON. 


In  order  to  examine  it«  properties.  He  found  that  10  ^«t-«i- 
otttmes  of  it  reqtiired  for  complete  combustion  80  volumes  of 
fgen  gas,  aiid  formed  18  volumes  of  carbonic  acid  gas.  But 
ben  10  volumes  of  it  were  mixed  with  cLloririegas,  4  volumes 
Jy  were  condensed ;  6  volumes  rcmiiined  wliicli  possessed 
the  character  of  carburetted  hydrogen  gas.  Now  6  volumes  of 
cazburetted  hy<irogen  require,  for  complete  combustioTi,  12 
mhune^  of  oxygen  gas,  and  form  6  volumes  of  carbonic  acid* 
It  is  clear,  therefore,  that  the  4  volumes  of  gas  absorbed  by  the 
chlorine,  require  for  complete  combustion,  18  volumes  of 
oxygen  gas,  and  form  12  volumes  of  carbonic  acid  gas.  Here, 
then,  is  a  gas  differing  completely  from  olefiaiit  pm.  For 
ooioplete  combustion,  1  volume  requires  4-5  volumes  of  oxygen 
gas,  and  forms  3  volumes  of  carbonic  acid  gas,* 

ITie  three  volumes  of  carbonic  acid  gas  require  for  their 
formation,  3  volumes  of  oxygen  gas.  There  remain  1-5 
voltunes  of  oxygen  gas,  which  %vent  to  the  formation  of  water, 
and  tiinsti  therefore,  have  comlitned  \ntli  ,*3  volumes  of  hydro^ 
gen*  We  see,  therefore,  that  the  gas  contained  in  Mr.  Dalton's 
oil  gas  consisted  of 

3  volumes  carbon  vapour,  7  condensed  into  1  volume.  Its 
0  volumes  hydrogen  gas,  5  specific  graWty,  therefore,  must 
1  •4583 ;  and  it  must  be  a  compound  of 


.3  atoms  carbon 
S  atoms  hydrogen 


2-25 
0-375 


2'625 

Its  atomic  weight  must  be  2*625  ;  and  as  tlie  light  given  out, 
dtirittg  the  combustion  of  gases,  depends  chiefly  upon  the 
quantity  of  carbon  which  they  contain,  it  is  clear  that  tliis  gas 
emit  three  times  as  much  light  as  carl>uretted  hydrogen. 
Dr.  Henry  exposed  a  quantity  of  Mr.  Dalton's  oil  gas  to  the 
produced  by  a  mixture  of  snow  and  chloride  of  calcium, 
ilhoul  any  sensible  conderisiition  taking  place,f 
Mr*  Dalton  has  distinguished  this  new  gas  by  the  name  of 
iiefiafit  gas*  But  as  a  considerable  number  of  gases  and 
ipours  seem  to  exist,  distinguish e*!  from  each  other  merely 
the  number  of  atoms  of  carbon  and  hydrogen  (both  equal 
nitmber),  contained  in  a  volume,  it  becomes  necessary  to 


•  Pbll.  Trans.  1821,  p.  150. 
t  llcnry*i  Chemistry,  L  447, 


Eleventh  edition. 
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Chap.  iL  contrive  a  mode  of  naming  them,  which  may  be  extended  to 
any  number  of  such  compounds  however  great*  I  propoR, 
therefore,  to  distinguish  the  simple  compound  of  1  atom  caiboi 
and  1  atom  hydrogen,  by  the  name  of  carbo-hydrogen,  and  to 
denote  the  number  of  atoms  conjoined  in  each  volume,  by  pre- 
fixing to  tliat  word  an  abbreviation  of  the  Greek  numerals.  Tla 

A  Tdanie  of  Caiboo.  Hydgo§m, 

Njgireof      Carbo-hydrogen  contains  .  *  1  atom  +  1  atM 

f«2j»-       Deuto-carbo-hydrogen  or  olefiant  gas  2  +2 

Trito-carbo-liydrogen  or  super-olefiant  gas    3  +3 

I  shall  have  aftem^ards  at  least  three  more  of  these  eompooDiii 
to  describe.  And  probably  many  others  will  be  discoveid 
hereafter.  There  is  no  great  difficulty  in  conceiving  how  ddi 
aggregation  of  a  greater  and  greater  number  of  atoms,  thoagk 
of  the  same  kind,  should  alter  the  nature  of  a  body,  and  hor. 
therefore,  a  vast  number  of  different  kinds  of  bodies  may  k 
formed  from  the  union  of  the  very  same  elements,  only  in  St 
ferent  proportions. 

The  specific  gravities  of  these  three  gases  are  as  follows: 

Carbo-hydrogen  .         .         .         0*4861  or  I 

Deuto-carbo-hydrogen  .         .         0*9722  or  2 

Trito-carbo-hydrogen  .         .         1-4583  or  8 

The  quantity  of  oxygen  consumed,  and  of  carbonic  add  (oftud 

by  the  combustion  of  a  volume  of  each  of  them,  is  as  folknn: 

Carbo-hydrogen        .        .        1-5         .  .  1 

Deuto-carbo-hydrogen  3  .  .  2 

Trito-carbo-hydrogen       .       4*5        .  .  3 

This  view  of  the  subject  is  not  yet  familiar  to  chemists.  Bit 
it  will  ultimately  tlirow  considerable  light  upon  the  nature  i 
many  vegetable  substances,  which  at  present  seem  so  myit^ 
rious.  The  oils,  for  example,  though  all  of  them  peculiar,  iff 
composed  of  carbon  and  hydrogen  in  nearly  the  same  pro|M^ 
tions.  May  not  some  of  the  diversities  be  accounted  fiw,  by 
this  grouping  of  the  atoms  to  constitute  an  integrant  paztUe 
of  a  more  or  less  complicated  nature. 
S'JJJ^IS**"*  5.  About  12  years  ago,  Mr.  Gordon  proposed  to  render  gn 
portible  like  lamps  and  candles,  and  thus  to  supersede  tk 
necessity  of  employing  oil,  or  tallow,  or  wax  for  fumisIuK 
light,  during  the  absence  of  the  sun.  His  method  was  v 
condense  oil  gas  in  strong  copper  air-tight  vessels  about  30 
times ;  so  that  each  \'^ssel  should  contain  about  30  times  H^ 


volume  of  the  gas.  This  gas  was  allowed  to  issue  through  a 
iDttll  stop-cock,  and  kindled.  In  tlds  way  it  would  born  for  a 
coosiderable  time,  giving  a  regular  and  beautiful  light.  Such 
v«8Bels  were  tried  at  one  time  instead  of  coach  lampH,  and  were 
fbttad  to  answer.  I  liave  seen  one,  employed  in  this  way,  burn 
aiboat  fi%'e  hours,  and   it  was  still  burning  when  the  coach 

Kived  in  Edinburgh  from  Gki«>gow. 
Bat  when  oil  gas  was  condensed  in  this  way,  a  circumstance 
ppened  which  put  an  end  to  the  project,  by  rendering  th<* 
expense  too  great-  A  considerable  portion  of  the  gas  lost  its 
ehislic  form,  and  condensed  into  a  liquid  possessing  the  charac- 
ter* of  a  volatile  oil ;  showing  that  much  of  the  matter  existing 
in  oil  ga«,  and  wbich  contributed  to  the  great  light  which  it 
gave  out  while  burning,  was  not  in  the  gaseous  state,  but  in 
that  of  mere  vapour.  For  this  oil,  tliough  very  volatile,  did 
mot  disappear  immediately  when  the  pressure  was  removed,  but 
remained  in  the  copper  vessel,  and  of  course  was  lost  m  a  com- 
biMtsble  gas;  while  its  comlensiition  injured  considerably  the 
falme  of  the  compressed  gas  as  a  combustible  to  furnish  light. 
Tlie  condensation  of  the  gas  took  place  chiefly  in  a  strong 
iver,  into  which  the  gjis  wns  passed  and  compressed  ;  1000 
Enbical  feet  of  the  gas  were  found  Ut  yield  about  a  gallon  of  tlie 
oiL  The  fluid  is  dra\m  from  the  bottom  of  the  receiver  by 
opening  a  coniad  valve.  At  first  a  portion  of  water  generally 
csomes  out,  and  then  the  liquid.  It  effervesces  a.s  it  issues  out, 
iboiring  that  a  portion  of  iiie  condensed  liquid  h  assuming  tho 
us  state.  Probably  this  effen^escence  Is  owing  to  the 
lefiant  gas  of  Daltun,  having  been  rendered  liquid  by  a 
pleasure  of  30  atnioisphercs.  For  it  is  evident  from  Dr<  Henry's 
experiments,  that  had  this  been  the  case  it  would  assume  the 
gaseous  wtate  again,  the  moment  the  pressure  was  withdrawit. 
The  oil  thus  condensed,  so  far  as  I  have  seen  it,  is  a  transparent 
liquid,  having  a  slight  yellow  tinge,  and  the  smell  of  oil  gits. 
Mr,  Gordon  put  a  quantity  of  this  oil  into  the  hands  of  Mr. 
ay,  who  subjecte<l  it  to  a  chemical  examination,  and  dis- 
red  that  it  wiis  a  mbtture  of  a  considerable  number  of  oils, 
ftereral  of  which  he  succeeded  in  obtaiuing  in  an  insulated  state, 
and  he  showed  them  to  be  definite  compounds  of  carbon  and 
bydrogen.*  The  first  of  tliese,  whicli  1  shall  deseribcj  Mr. 
Faraday  calls  carburet  of  hifdrogeiu  But  it  would  be  more 
accurately  named  tetarto-carbo-hydrogetu  being  in   reality   a 


•  Phil  Tran«,  1825,  p,  440. 
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ciMp.  iL  a  great  number  of  liquids  differing  in  roladlity^  and  by  ncdft 
iiig  eacli  of  them  a  number  of  times,  he  brought  them  imi 
btate  in  which  the  boiling  pmnt  of  each  was  toleiaUypcni 
nent.  He  obser^'ed  that  the  boiling  point  was  more  eoHM 
bem-een  176°  and  190^  than  at  any  other  tempeiatiuc;  kp 
quantities  of  the  fluid  distilling  over  without  any  dafii 
the  degree,  while  at  the  other  parts  of  the  aeries  it  nca 
tiiiualiy  ri^ing. 

He  filled  a  glass  tube  with  a  quantity  of  liquid  wboieU 
ing  point  was  176°,  and  exposing  it  to  a  freezing  mnhH 
sunk  it  to  0°.  It  became  partly  solid,  crystals  forming  nai 
the  side,  and  a  fluid  remaining  in  the  centre :  while  twofds 
portions,  one  distilled  over  at  186%  and  another  190%  tiali 
in  the  same  \i*ay,  became  quite  hard.  The  solid  portiQiW 
separated  as  well  as  possible  from  the  liquid^  and  tha  i^ 
jected  to  strong  pressure,  wrapt  in  blotting  P^P®>'  to  make  ill 
drj'  and  pure  as  possible.  It  ^"as  then  allowed  to  liqnefy.  i 
properties  were  found  as  follows : 
Pkopcftic*.  It  is  a  colourless  transparent  liquid,  whose  specific  gnA 
at  60""  is  0.85.  AMien  cooled  to  about  32o  it  crystab 
becoming  solid.  Its  fusing  point  is  ver}'  nearly  42° ;  batih 
liquid,  it  maybe  cooled  much  below  its  freezingr  point wiii 
congealing.  It  contracts  very  much  in  the  act  erf*  freens' 
parts  becoming  8,  So  that  its  specific  gravity  in  the 
state  is  0*056.  At  0""  it  is  a  white  transparent 
brittle,  pulverulent,  and  nearly  of  the  hardness  of  loaf  s^ 

It  e%'aponites  entirely  when  exposed  to  the  air.  Its  bdt 
point  in  a  gla<;s  vessel  is  186^  Mr.  Faraday  found  B 
specific  gravity  of  its  vapour  at  212**,  to  be  2-098.  H* 
at  GO''  it  would  he  2.7760.  We  shall  see  immediatdTdi 
the  true  si)ecific  gravity  at  60^  is  2'7083.  It  is  a  nofr* 
ductor  of  electricity. 

It  is  slightly  sohible  in  Muter;  but  very  soluble  in  fiztl' 
volatile  oils,  etlier,  alcohol,  &c.  tlie  alcoholic  solutioD  k 
precipitated  by  water.     It  burns  with  bright  flame  and  a 
smoke.     When  admitted  to  oxygen  gas  so  much  vapour i* 
as  to  make  a  very  powerfully  detonating  mixture — ^wheni 
through  a  red-hot  tube  it  deposites  charcoal,  and  is  otm\ 
into  carburetted  hydrogen. 

Chlorine  placed  in  contact  with  it  in  a  retort  exerted  k 
little   action    till   exposed   to    the   sun's    rays;    when  i 
fumes  were  formed  without  the  evolution  of  much  betf ; 
ultimately  much  muriatic  acid  vrus  produced,  and  two  odwrsi^ 
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6  rolumes  of  oxygien  gas.     Water  is  formed^  aiid  there  is    ««*  "L 
efohred  a   quantity  of  carbonic  acid   gas  whicli  occupies  4 
Four  v-alume.s  of  carbonic  acid  contain  4  volumes 
Fotscygen  gas.     The  other  two  vobunes  of  oxygen  gas  formed 
valer,  aiid  for  that  purpose  nutst  have  united  with  4  volumes 
of  hydratgen  gas.     Hence  the  gas  is  a  compound  of 
4  ntlaiiies  carbim   vapour,  1  united  arid  condensed  into  1  vo-  cot»ututJon, 
4  rolttmes  hydrogen  gas,      5  hunc.     Of  course,  we  obtain  its 
'fie  gravity  by  adding   togetlier  four  times    the   specific 
ty  of  carlxin  vapour,  and  four  times  the  specific  gravity  of 
hydrogen  gas, 

4  carbon,       =  l*6G6G 
4  liydrogen,  =  0*2777 

1*9444  =  specific  gravity  of  tlie  gas* 
It  L«^  obviously  a  compound  of 

4  atoms  carboji,  .         •         3'0 

4  atoms  hydrogen,  .         .         0*5 


•o  ihal  its  atomic  weight  is  3*5,  aiid  an  integrant  particle  of 
it  fiamiate  of  4  atoms  carbon,  and  4  atoms  hydrogen,  united 
together* 

Like  olefiant  gas,  it  unites  with  its  own  volume  of  chlorine 
aod  forms  a  transparent  colomless  liquid,  resembling 
:niret  of  chlorine,  but  obviously  contiiiubig  twice  as 
carbon  ami  hytb-ogen,  it  has  a  sweet  tiiste,  accompa- 
ny an  aromatic  bitterness,  which  is  very  persistent. 
Wien  this  liquid  wtis  treated  with  excess  of  chlorine,  and 
flposed  (o  the  light  of  the  sim,  action  slowly  took  phiee;  mu- 
nacie  acid  wiis  evolved,  iind  idtimateJy  a  fluid  tenaciotis  com- 
pMDil  of  chlorine,  carbon,  and  hydrogen  was  formed.  But  no 
•aii|iiichloride  of  carbon  could  be  obtained.  We  ^ee  from  this 
how  rer)*  different  tetiu-to-carbo-hydrogen  is  from  olefiant  gtis. 

6.  When  the  oilv  liquid  obtained  by  the  coudensation  of  oil  ns^rimret  a 
gSi  whiealed,  it  begins  to  boil  at  a  very  low  temperature,  but  the 
gradually  rises  as  the  process  goes  on,  and  ulti- 
^ly  gets  as  high  as  260*^.  It  is  obvious  from  this,  that  tlie 
ioU  b  m  mixture  of  a  considerable  number  of  liquids  differing 
bmm  ewrb  olher  id  volatility.  Mr,  Faraday  endeavoured  to  separ- 
ale  these  bodies  by  distilling  very  cautiously,  and  changing  the 
a-ceiver  whenever  tlie  boiling  point  rose  10^.  Thus  he  obtained 


^ 
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^'P'''-  a  g^eat  number  of  liquids  differing  in  volatility,  andby  lectil 
ing  each  of  them  a  number  of  times,  he  brougrht  them  inti 
state  in  which  the  boiling  point  of  each  was  tolerably  pen 
nent.  He  observed  that  the  boiling  point  was  more  coMta 
between  176®  and  190°  than  at  any  other  temperature;  kj 
quantities  of  the  fluid  distilling  over  without  any  ehtnp 
the  degree,  while  at  the  other  parts  of  the  series  it  was  ci 
tinually  rising. 

He  filled  a  glass  tube  with  a  quantity  of  liquid  whose  hi 
ing  point  was  176®,  and  exposing  it  to  a  freezing  miztn 
sunk  it  to  0^.  It  became  partly  solid,  crystals  forming  nm 
the  side,  and  a  fluid  remaining  in  the  centre  :  while  two  otki 
portions,  one  distilled  over  at  186%  and  another  190%  Inile 
in  the  same  way,  became  quite  liard.  The  solid  portaoD « 
separated  as  well  as  possible  from  the  liquid,  and  then  si 
jected  to  strong  pressure,  wrapt  in  blotting  paper  tomake  iti 
dry  and  pure  as  possible.  It  was  then  allowed  to  liquefy.  Il 
properties  were  found  as  follows : 
Tnpatiek  It  is  a  colourlcss  transparent  liquid,  whose  specific  gmij 
at  60''  is  0.85.  When  cooled  to  about  32o  it  cryslalfa 
becoming  solid.  Its  fusing  point  is  very  nearly  42^ ;  but  vis 
liquid,  it  maybe  cooled  much  below  its  freezing'  point wite 
congealing.  It  contracts  very  much  in  the  act  of  freeiii^l 
parts  becoming  8.  So  that  its  specific  gravity  in  the  mH 
state  is  0*956.  At  O*'  it  is  a  white  transparent  subslVA 
brittle,  pulverulent,  and  nearly  of  the  hardness  of  loaf  81^ 

It  evaporates  entirely  when  exposed  to  the  air.  Its  bdbc 
point  in  a  glass  vessel  is  186°.  Mr.  Faraday  found  dt 
specific  gravity  of  its  vapour  at  212°,  to  be  2*098.  Ha* 
at  60°  it  would  be  2.7760.  We  shall  see  immediatelj  ck 
die  true  specific  gravity  at  60^  is  2'7083.  It  is  a  noiK» 
ductor  of  electricity. 

It  is  slightly  soluble  in  water;  but  very  soluble  in  fiied*i 
volatile  oils,  ether,  alcohol,  &c.  tlie  alcoholic  solution  hit 
precipitated  by  water.  It  burns  with  bright  flame  and  i 
smoke.  When  admitted  to  oxygen  gas  so  much  vapour  t0 
as  to  make  a  very  powerfully  detonating  mixture — ^when  wd 
tlirough  a  red-hot  tube  it  deposites  charcoal,  and  is  oonTCrt^ 
into  carburetted  hydrogen. 

Chlorine  placed  in  contact  with  it  in  a  retort  exerted  kf 
little  action  till  exposed  to  the  sun's  rays;  when  dci> 
fumes  were  formed  without  the  evolution  of  much  heat;  d 
ultimately  much  muriatic  acid  was  produced,  and  two  otherflk' 
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Qces;  one  a  solid  crj^stalline  body,  the  other  a  thick  fluid.    ««t«m. 
Neidier  of  these  bodies  was  soluble  in  water;   lM>th  dt»solved  ~ 
in  alcohol,  the  liquid  readily,  the  solid  more  slowly.     Mr. 
Fumday  found  tJiem  compounds  of  chlorine,  carbon,  and  hydro- 
gen j  but  made  no  attempt  at  a  regular  analysis. 

Iodine  <lid  not  act  on  the  liquid  in  several  days,  excepting 
thai  it  communicated  to  it  a  crimson  colotir*  Potassium  heated 
in  it  did  not  lose  its  briUiancy,  or  exert  any  action  on  it,  at  the 
temperature  of  180®,  Neither  alkaline  solutions  nor  their 
carbonates  had  any  action  on  it.  Nitric  acitl  acted  on  it  slowly, 
reodering  it  red,  and  occasioning"  the  evolution  of  the  odour  of 
ilmanyfa.  Sulphuric  acid  exerted  a  moderate  action  on  it; 
Beitber  beat  nor  sulphurous  acid  was  evolved.  But  the  acid 
acquired  a  light  yellow  colour,  and  a  clear  colourless  liquid 
foaled,  which  appeared  to  be  the  produce  of  the  action.  It 
appear^  that  by  this  liquid  tlie  nature  of  sulplmric  acid  is 
modified,  and  it  becomes  analogous  to  various  other  acids 
ibfiaed  by  the  action  of  sulphuric  acid  on  similar  bodies*  The 
aafttre  of  these  acids  will  be  described  in  a  subsequent  part  of 
thk  work. 

Mr.  Faraday  analyzed  tins  liquid  two  ways.  1.  0.776  Comatutioo, 
l^rain  of  it  passed  through  heated  black  oxide  of  eopperj  fur- 
niibed  5*6  cubic  inches  of  carbonic  acid  gas,  and  0-58  grain 
of  wnter*  Now*,  5*6  cubic  inches  of  carbonic  acid  gas  weigh 
9^58  grainy  and  contiiin  0v25  grain  of  carlKni,  and  0,58 
gnika  of  water  contain  0064  grain  of  hydrogen.  Hence 
tbe  constituents  are, 
^^  Carbon  ,         •         0*725  or  h  40 

^H  Hydrogen  0  064  or  0-125 

^^MMjl*125  represents  1  atom  of  hydrogen,  and  1*4  comes  very 
^^^^^  to  1*5,  which  represents  '2  atoms  of  caribou,  Tlie 
leaMici  why  there  is  a  slight  deficiejiey  of  carboji,  is  that  it  was 
impoaiable  to  free  this  substance  completely  from  t!ie  liquid 
with  wbicb  it  was  mixed,  and  which  containetl  less  carbon 
than  the  body  that  becomes  solid  at  4*2^,  We  may  then  cou- 
ndcr  this  substance  as  a  compound  of  2  atoms  of  carbon  and 
1  atom  of  hydrogen.  This  is  tlie  reason  why  Mr.  Faraday 
baa  diaCiJiguished  it  by  tlie  name  of  bicarbiiret  of  hydrogen. 

Mr*  Faraday's  second  mode  of  analysis  throws  more  light 

00  the  nature  of  this  substance  than  the  preceding  one,  which 

ly  determines  the  ratio  of  the  constituents,  without  giving 

aiiy  information  about  the  constitution  of  an  integrant  par- 
ticle*     He    mixed  the  vapour  of  it  with  oxygen  gas,   and 
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cha^  iL    detonated  the  mixture  over  mercury,  determining  at  the 

time  the  quantity  of  carbonic  acid  formed.  The  result  n 
this,  1  volume  of  the  vapour  required  7-5  volumes  of  oi|f{B 
gas  for  complete  combustion,  and  there  were  formed  6 
of  carbonic  acid  gas.  Now  6  volumes  of  the  oxygen  gn 
to  the  formation  of  carbonic  acid,  the  remaining  1*5  Tcdiii 
oxygen  gas  united  to  hydrogen  and  formed  water.  Iti 
evident  that  the  quantity  of  hydrogen  was  exactly  3 
Thus  we  sec  that  the  vapour  of  bicarburet  of  hydrogen  iic» 
posed  of 

6  volumes  carbon  vapour,  1  condensed  into  1  volume.  Hoi 
3  volumes  liydrogen  gas,  5  the  specific  gravity  of  the 
must  be  equal  to  six  times  the  specific  gravity  of  ak 
vapour,  and  three  times  the  specific  gravity  of  hydroget  f 
added  together. 

6  carbon       =  0-4166  X  6  =  2*5 
3  hydrogen  =r  0-0694  X  3  =  0*2083 


2*7083 

Tlius  we  sec  that  tlie  true  specific  gravity  of  the 

2-7083. 

The  bicarburet  of  hydrogen  of  Faraday  is  obviously  tfl* 

pound  of 

Atomic  wd^t 

6  atoms  carbon  «         •  4*5 

8  atoms  hydrogen  .         •  0*375 


4-876 

Thus  its  atomic  weight  is  4-875,  and  the  integrant  pai^ 
contains  no  fewer  than  9  atoms  united  together,  cousfaO^ 
obviously  a  very  comj)lcx  body. 
g«J^^-  7.  The  portion  of  the  distilled  oil  which  boiled  at  l&f,^ 
remained  liquid,  when  cooled  do^ii  to  zero,  was  obviously* 
ferent  from  the  bicarburet  of  hydrogen.  But  as  it  retii* 
bicarl)uret  of  hydrogen  in  solution,  from  which  it  was  inq 
ble  to  free  it  completely,  we  cannot  leani  its  constituents  vi 
accuracy. 

In  its  general  chjiracters  of  solubility,  combustibility,! 
of  potassium,  &c.  it  agreed  with  bicarburet  of  hydrogen.  ^ 
specific  gravity  was  0*86  at  60**,  The  vapour  at  212°  Wl> 
si)ecific  gravity  of  2%301.  Hence  at  the  temperature  <tf  tf' 
the  specific  gravity  would  be  3*0555.  I  have  little  doubt  4< 
the  true  specific  gravity  at  60°  is  2*9 166. 
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Sulphuric  acid  acted  upon  it  much  more  powerfiilly  than    sectui. 
upon  the  bicarburet  of  hydrogen.     Great  heat  was  evolved, 
ntodi  discoloration  occasioned,  and  a  separation    took   place 
Juo  a  HAck  black  acid  and  a  yellow  lighter  liquid  resisting 
Mjr  Cu-ther  action  at  common  temperatures. 

Mr-  Faraday  analyzed  it  by  passing  it  through  red-hot  black 
oxide  of  copper,  collecting  the  carbonic  acid  gas,  and  weighing 
tbe  irsit4?r  formed,  0*64  grain  thus  treated  gave  4*51  cubic 
hdie«  of  carbonic  acid  gas  and  0*6  grain  water,  4-51  cubic 
Vbhes  of  carbonic  acid  gas  weigh  2- 141  gndns^  and  contain 
0-5M  grain  carbon;  and  0*6  grain  of  water  contains  0*066 
hydrogen.     The  constituents  tlien  are 

Carbon  .         .  584  or  M06 

Hydrogen  ,         •  66  or  0  125 

(M25  represents  an  atom  of  hydrogen^  and  1*106  is  very  near 
i*l25,  which  represents  IJ  atoms  of  carbon.  We  might 
tliercforc  consider  this  liquid  portion  as  a  sesquiearbiiret  of 
hydrogen.  But  if  we  recollect  that  it  contains  an  unknown 
prikpOftion  of  bicarburet,  which  mast  of  course  increase  the  pro- 
pntxtm  of  carbon,  we  can  have  little  doubt  that  this  liquid,  if 
we  could  procure  it  perfectly  pure,  would  be  a  compound  of 
I  atom  carbon  and  1  atom  hydrogen. 

But  we  have  seen  that  the  specific  gravity  of  its  vapour  is 
tit  Ow      It  is  clear  therefore  that  a  volume  of  it  must  consist  of 


olames  carbon  vapour,  1  condensed  into   I   volume.      The 

,  5  sj 


^  volumes  hydrogen  gas,  5  specific  gravity  mmt  be 
I  Carbon        -  0'41 66  X  6  =  2-5 

I  Hydrogen  =  0-0694  X  6-0*4166 


2*9166 

Thus  we  see  that  the  true  specific  gra^aty  must  be  2*9166, 
One  Tolume  of  it  will  require  for  complete  combustion  9 
of  oxygen  gas,  and  it  will  leave  as  a  residue  after  the 
aombu^tioii  6  volumes  of  carbonic  acid  gas.  This  liquid  then 
might  receive  the  name  of  hexa-car bo-hydrogen.  It  is  of  a 
y  complex  nature,  since  an  integrant  particle  of  it  contains 
fewer  than  12  atoms  uTnled  together, 

8l  Nc^ihihalifie.     This  substance  was  discovered  in  the  year  NapiiOwiine, 
9,  io  one  of  the  condensing  vessels  erected  in  London  for 
t&dlling  of  coal  tar.     It  Hits  first  noticed,  and  some  of  its 
remarkable  properties  determined,  by  Mr.  Garden.*     Its 


♦  Annals  oi'  Plulo&ophy,  xv,  74* 
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properties  were  after  wards  more  miiiiitely  examined  by  Dr. 
Kid.*     And  Mr-  Cliamberlain  lias  g"iven  us  an  account  of  the 
way  in  whicli  it  is  obtained  from  coal  tar.f     It  got  tlie  name 
by  which  it  is  tlistinguished  from  Dr.  Kid,  in  consequence  of     . 
its  obvious  connexion  with  coal  napbtha.  H 

When  coals  are  heated  in  iron  retorts,  as  the  mode  is  in  order 
to  obtain  coai  gas,  a  considerable  quantity  of  brown  coloured 
semifluid  matter  is  obtiiined,  usually  distinguished  by  tlie  name 
of  coai  tar*  It  is  from  this  coal  tar  that  coai  mtpiiiim  and 
impittJmlive  are  procured.  To  obtain  napiithaline,  the  coal  tar 
is  subjected  to  distillation.  The  first  fourth  that  comes  over 
consists  partly  of  naphtiiii,  and  partly  of  water,  hohling  ammo- 
nju  and  naphthaline  in  solution.  The  next  fourth  part  that 
comes  over  is  a  dense  oil  mixed  with  naphthaline,  and  the  pro- 
portion of  this  last  substance  g^radually  increitses  as  the  distil- 
lation advances.  If  the  remaining  half  be  distilled  over  in 
three  separate  portions,  it  will  be  observed  that  the  first  of 
these  contains  but  little  naphthaline,  the  second  scarcely  any; 
but  the  third  contains  so  much,  that  the  last  few  gallons  dis- 
tilled often  become  solid  from  its  crystallizing  within  a  few 
hours  after  they  have  come  over.  The  last  quantity  of 
naphthaline  obtained  is  mixed  with  much  sulphur.  The  miph- 
thidine  is  deposited  from  tlie  oil  in  imperfect  crystal.  It  may 
be  freed  from  the  oil  by  pressing  it  between  folds  of  blotting 
paper,  and  afterwards  subliming  it  by  a  very  gentle  heat.  It 
forms  an  exceedingly  beautiful  substiince  in  silvery  plates. 
By  solution  in  hot  oil  of  tiu'pentine,  and  spontaneous  crystalli' 
zation,  it  may  be  obtained  in  tmnsparent  flat  four-sided  prisms^ 
with  angles  approaching  to  100°  and  80°,  and  terminated  by 
dehedral  summits. 

The  colour  of  naphthaline  is  white  with  a  splendent  pearly 
lustre.  Its  smell  is  aromatic,  and  has  been  compared  by  Dr. 
Kid  to  that  of  the  narcLssus.  Most  generally  it  is  not  quite 
free  from  the  smell  of  coal  naphtha.  The  taste  is  pungent  and 
aromatic,  but  disiigreeable.  ^m 

It  is  a  very  little  heavier  than  water.  When  ex|>osed  ta^M 
the  air  it  evaporates  spontiineously,  but  not  so  nipidly  as  cam- 
phor. It  melts  by  my  trials  at  174°,  and  boils  as  Dr.  Kid 
ascertained  at  410^,  But  it  may  be  sublimed  at  a  tempera* 
ture  below  the  point  of  liquefaction,  and  it  always,  when  so 
sublimed,  is  deposited  in  crystalline  plates. 

♦  Phii.  Trans.  1821,  p.  209. 

f  Annuls  of  Philosophy  (second  series),  Tt.  135. 


CARBOy* 


202 


It  does  not  bum  readily.  Wlien  Iieatcd  in  a  platinum 
spoon,  it  is  vi>latili;«ed  in  an  acrid  white  smoke.  Wlien  this 
smoke  h  brought  in  contact  with  the  flame  of  a  candle,  it  catches 
fire,  aiid  the  naphthaline  burns  with  a  strong  yeUow  flame,  at 
the  §ame  time  emitting  n\uch  smoke . 

It  Ls  insoluble  in  cold,  and  very  slightly  soluble  in  hot  waten 
It  dissolves  readily  in  alcohol  and  ether,  and  the  volatile  and 
fixed  oils. 

It  dissolves  in  hot  acetic  and  oxalic  acid ;  but  falls  down 
Bgmn  when  the  liquid  cools.  It  is  not  acted  on  by  alkaline 
solutions.  When  digested  in  nitric  acid  it  is  converted  into  a 
yellow  coloured  matter,  having  an  acrid  taste.  Tliis  matter 
melts  at  82°^  an<l  on  cooling  crystallizes  in  fine  needles.  It* 
specific  gravity  is  1-23.  I  do  not  find  tliat  this  substance, 
whici)  seems  to  be  a  compound  of  nitric  acid  and  naphthaline, 
possesses  acid  properhes. 

Naphthaline  dissolves  in  sulphuric  acid.  The  solution  is 
dark  colonretl  and  opaque,  and  Mr.  Faraday  has  shoi^Ti  that  it 
constitutes  a  new  acid,  to  which  the  nmne  o{  sulpho^naphthaUe 
acid  luLs  been  given** 

When  naphthaline,  rendered  as  pure  as  possible  by  repeated  ^^ 
sublimafiiHis,  is  passed  throngh  red-hot  black  oxide  of  copper, 
it  is  conipletefy  decomposed,  and  converted  into  carbonic  acid 
and  water.     One  grain*  treated  in  this  way,  yiehled  S-S  grains 
of  carbcinic  acid,  and  0*0  grain  water.     Hence  the  constituents 


.ni. 


are. 


I 


Carbon 
Hydrogen 


0-9  or  1125  =  l^  atom 
01  or  0-125  =  1  atom 


1-0      1-25 

Thus  we  see  that  naphthaline  is  composed  of  1^  atoms  carbon 
and  I  atom  hydrogen.  These  numbers  merely  give  the  ratios 
of  tlie  constituents,  without  tlirowing  any  light  upon  the  number 
of  atoms  of  each  constituent  which  go  to  the  formation  of  an 
integrant  particle.  These  are  probably  numerous  ;  but  csumot 
be  known  till  we  ascertain  the  specific  gravity  of  the  vapour  of 
naphthaline.  It  would  be  premature  to  give  tlus  substance  the 
name  tif  sesquicarburet  of  hydrogen.  Dr,  Kid*s  name  of 
napMrnline  must  be  retained  till  we  know  more  about  tlie  con- 
stitution of  thU  substance.  From  Mr,  Faraday's  analysis  of 
sulpho-naphthalic  acid,  I  think  it  not  unlikely  that  a  volume  of 


I 


•  Phil  Trans.  1826,  p.  Wh 
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^3**^  "•    the  vapour  of  naphthaline  will  be  found  to  contain  15  volumes 
of  carbon  vapour  and  10  volumes  of  hydrogen  gas.     Were 
that  the  case  naphthaline  would  be  a  compound  of 
15  atoms  carbon  •         •         11'25 

10  atoms  hydrogen         •         .  1-25 


12-5 

And  an  atom  of  it  would  weigh  12"5. 
coaigMu  9.  Coal  gas,  which  is  now  so  extensively  used  in  Great 

Britain  for  lighting  the  streets  of  all  our  principal  towns,  and 
is  therefore  become  a  product  of  great  importance,  is  a  mixture 
of  several  of  the  substances  which  have  been  just  described  as 
compounds  of  carbon  and  hydrogen,  together  with  variable 
proportions  of  hydrogen  and  carbonic  oxide  gases.  For  the 
most  accurate  experiments  on  the  nature  and  constituents  of 
coal  gas  we  are  indebted  to  Dr.  Henry.* 

The  nature  of  coal  gas  differs  very  much,  not  only  according 
to  the  kind  of  coal  employed,  but  according  to  the  way  in 
which  the  gas  is  prepared.  The  more  quickly  the  heat  is 
applied,  the  greater  is  the  quantity,  and  the  better  the  quality 
of  the  gas  from  coal.  Too  low  a  heat  expels  the  inflammable 
matter  in  the  form  of  tar.  The  first  portions  of  gas  that  come 
over  are  the  best,  and  llie  quality  becomes  gradually  worse  as 
the  distillation  proceeds.  The  last  portions  do  not  give  more 
than  half  the  light  of  the  first  portions.  Sometimes  the  spe- 
cific gravity  is  as  high  as  0*650 ;  sometimes  as  low  as  0*d45. 
The  higher  the  specific  gravity  the  better  always  is  the  gas. 
The  specific  gravity  of  oil  gas  is  sometimes  as  high  as  0-906, 
sometimes  as  low  as  0*590,  or  perlu^s  even  lower.  Coal  gas 
in  general  consists  of  a  mixture  of 

Olefiant  gas, 

Carburetted  hydrogen. 

Carbonic  oxide, 

Hydrogen  gas, 
in  various  proportions ;  but  the  quantity  of  carburetted  hydro- 
gen  is  always  much  more  considerable  than  that  of  any  of  the 
others.  The  vapour  also  of  coal  naphtha  and  naphthaline 
are  mixed  with  the  gas,  and  add  something  to  its  illuminating 
power.  It  is  to  the  presence  of  these  bodies  that  the  smell  of 
coal  gas  is  owing.  This  smell  is  nearly  removed  by  vtrashing 
the  gas  with  oU  of  turpentine  or  alcohoL     Neither  water  nor 

•  See  Phil.  Trans.  1808,  1820,  and  1824. 
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re  any  effect  in  removing  it.     I  liave  not  tried  adds, 
sulphuric  add,  the  only  one  cheap  enough  for  use,  ^ 
vmU  flestroy  the  gns  by  abstracting  its  portion  of  olefiantgas. 

The  following  tal>le  exhibits  the  composition  of  three  dif- J^J^*^*« 
terent  variedes  of  coal  gas,  as  determined  by  Tk*  Henry. 


CairwmvKm  la  Volvmi.                                                  [ 

l».gn>tt;<ir 

OM<ai|M. 

bjrdranra. 

Carbook  gsldt 

Byintea. 

TMA 

F0-«80 
1    0-50O 

12 

12 

7 

64-53 
57-49 
35-80 

7-33 
IS-SS 
13*95 

15-84 
1716 
23-25 

100 
100 
100 

^1  gas  being  now  almost  out  of  use,  is  of  less  importance. 
It  obiri0usly  owes  ite  great  illuminating  power  to  the  presence 
of  the  oily  substances  condensed  from  it  by  pressure,  and  so 
wrll  described  by  Faraday ;  and  likewise  to  the  super-olefiant 
gi0  of  Dalton. 

The  foUowuig  table  exhibits  the  constituents  of  the  best  and  or ou  gw. 
llie  worst  kind  of  oil  gas,  as  determined  by  the  analysis  of  Dr. 
Beory. 


%^iivtifiir 

9ML 

CwlHinit 
MrageoL 

Ctabonlc  oxide. 

Hydrngim. 

Total, 

38 
19 

42*16 
31-32 

14-26 
15-66 

5-58 
34-02 

100 
100 

The  illuminadng  power  of  the  best  oil  gas  is  to  that  of  the 
bett  CMil  gES,  according  to  the  trials  of  Dr.  Christison  and  Dr. 
Tomer,  m  2*25  to  1. 

VI  J.   Carbon,  so  far  as  we  know  at  present^  combines  with  cyvio««fi. 
isote  tn  only  one  proportion,  and  forms  a  compound  dkcovered 
hf  Gay-Luissac  in  1815,  and  which  he  distinguished  by  the 
iHBe  qS cfanogen.^ 

It  1%  esisily  obtained  by  exposing  drj^  prmmaie  of  mercury 
in  a  small  retort,  to  a  heat  rather  under  redness:  the  salt 
Ifhcicrlift^  and  a  gaseous  flirid  is  extrictited  in  abundance  ;  it 
rniat  be  received  oi'er  mercury.     This  gas  is  cffanogen. 

This  gas  is  colourless,  and  possesses  the  mechanical  proper- 
ties of  eontmon  air.  Its  smell  is  quire  peculiar,  and  excessively 
Hr^Mig  and  di<4agTeeable.  Its  specific  gravity  as  determined  by 
(tay-Lussac  is  I  •8064.  We  shall  see  immediately  that  the 
Uuc  specific  gravity  Ls  1*8055,  wluch  almost  coincides  with 
Oay^-LmMur's  number. 

•  Aftii.  de  Chim.  xcv*  172. 
I.  P 
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Chop.  1L  Cyanogen  doubtless  would  destroy  life  if  the  atteo 
"  made  to  breathe  it;  tliougli  I  am  not  a\>Fare  that  any! 
animd  has  been  exposed  to  its  action.  It  is  inflainmahle.  avj 
burns  with  a  purplish  blue  flame.  It  is  not  decompoiedl 
exposure  to  a  red  heat.  Water  dissolves  4^  times 
and  alcohol  40  times  its  volume  of  this  gas.  1 1  reddens  I 
of  litmus.  Phospliorns,  sulphur*  and  iodine,  may  be  vola 
in  it  M^thout  alteration.  Potassium  burns  in  it  and  absortiil 
For  eoniplete  combustion  it  requires  twice  its  volume  of  «n-| 
gen,  The  products  are  t^nce  its  volume  of  carbonic  aickLfll 
rompfttition.  its  o\%Ti  volume  of  azotic  gas.  Hence  it  is  obviously  comptitf I 
of  two  volumes  carbon  and  one  volume  azote,  condensed  1 
one  volumej  or  by  weight  of 


Azote 

Carbon 


0-9722  or  1*75 
0-833  or  1-5 


Konvia.  iimny 
lumijcmriita 


Dry  bicAtbu. 
rrt  of  Mote. 


Or  of  two  atoms  of  carbon  united  to  one  atom  of  azote, 
atomic  weight  therefore  m  3*25. 

Cyanogen  ha.**  the  property  of  combining'  i?vnth  a  grest 
of  bodies,   and   of  forming   compounds    deserv^ing 
attention.     When  united  to  hydrogen  it   constitutes 
cpamc  acid  or  prmsie  aciiL     When  utiited  to  cMorineii 
chloro^i/anic  acki ;  with  sulj>hur  it  forms  sufpho^ci^ank  (^'^^ 
and  with  oxygen,  cpanic  acid,     Tliere  is  anotlier  acid 
according  to  the  experiments  of  Gay-Liissac  and  Lie% 
also  composed  of  oxygen  and  cyanogen  ;  but  the  experiroeim 
Mr.  Edmund  Davy  give  a  result  somewhat  diiFerent.  Tj 
acid  btis  received  the  name  oi  J)dminic,      I  shall  resent 
account  of  all  these  acids,  and  indeed  of  all  ctfanodidek^ 
come  to  the  second  volume  of  tliis  work,  when  the  TthAm 
be  better  able  to  appreciate  the  many  curious  and  impcni 
but  difficult  facts,  connected  with  the  formation  and  8Cti« 
tbese  1>odies. 

2.  When  cyanodide  of  mercury^  ot  pru striate  ()f  mernof 
it  was  formerly  called,  is  heated  in  order  to  obtain  cysDtp 
there  remains  in  the  ginss  retort  after  the  gas  ceases  to  ttf 
over  a  blackish  matter  mixed  with  globules  of  running  mact. 
This  matter  varies  much  in  its  appearance  ;   sometimes  '  * 
light  and  bulky,  at  other  times  looking  as  if  it  had  beeofe 
Indeed  the  cyanodide  liquefies  ^md  blackens  fast,  if  the  w\ 
applied  rapidly.     Tliis  substsmce  in  its  purest  state  b  htc^Jm 
or  reddish  black.     It  is   easily  reduced   to   powder,    Vn>f 
heated  to  redness  it  gives  oif  fumes,  but  is  dissipated  ^ 


i 
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ent  bases,  and  forms  salts  called  fltioborales.  It  may  be  pas^sed  ^«»ct  ^' 
over  red-hat  iron  without  undergoing'  any  change.  But  pot- 
aesium  hunm  in  it  and  appears  to  be  converted  into  fluoriile  of 
potassium,  wliile  borou  h  disengaged.  Sulpliuric  acid  lias  the 
property  t»f  iihsorbing  5t*  times  its  volume  of  this  gas  aecordlng 
to  the  determination  of  Berzelius.  The  aei<l  becomes  viscid. 
When  diluted  with  water,  a  white  precipitate  appears^  which 
is  boraeic  acid. 

When  water  absorbs  fliuiboric  acid  gas,  it  allows  a  certain 
quantity  of  boraeic  acid  to  precipitate*  This  (it*  we  corisider 
fluoboric  acid  as  a  compound  of  fluorine  and  boron)  nuist  be 
oiling  to  the  decom|»osition  of  water-  Fluoric  acid  must  be 
formed,  and  boraeic  acid  in  the  proportion  t>f  2  atoms  of  the 
former  to  one  of  tlie  latter.  When  the  i^nter  becomes  satu- 
rated with  fluoboric  aeid  gas,  the  boraeic  acid  disappears.  It 
would  seem,  tljerefore,  that  it  is  decomposed,  and  the  original 
fluoboric  acid  formed  again.  Berzelius  is  of  opinion  that  one- 
fourth  of  the  boron  is  precipitated  in  the  state  of  boraeic  acid. 
Tliree -fourths  of  the  fluoboric  aeid  remmn,  and  one -fourth  of 
fluoric  acid  is  formed.  These  two  united  together  constitute 
what  Berzelius  has  called  Iiydro-fluoboric  acid* 

It  has  hitherto  been  impossible  to  analyze  fluoboric  acid  and  ^^S! 
determine  its  constituents  directly.  But  we  may  determine 
its  atomic  weight  with  considend>le  |>recLsion,  from  which  we 
can  deduce  its  composition  with  little  risk  of  error.  Dr.  Davy 
found  that  fluoboric  aeid  gas  and  ammoniaeal  gas  combine  with 
each  other  in  the  following  proportions: 


I 


1,  1  volume  fluoboric  ras        7  i*       •  i«  i     ». 

,  .   *=*,  Worming  a  solid  salt. 

1  volume  ammoniaeal  gas  j  ° 

2.  1  volume  fluoboric  g^        7  /•       •  i*     •  i 
^      ,                       ,      .          i  formuiff  a  liquid, 

2  volumes  ammoniaeal  gits  >  o         i 

3-   1  volume  fluoboric  gas         7  /*       •  i-     •  i 

^      ,  .  °  ,  Y  forming  a  liquid. 

3  volumes  ammoniaeal  gas  y  ®         ^ 


L,et  us  substitute  for  these  volumes  the  weights  by  employing 
the  specific  gravities  of  the  two  gases. 

1.  Fluolwric  acid         •         .         2-3124    or  8-344 
Ammonia  .         .  0'590t>7  or  2-125 

2.  Fluoboric  acid         .         .         2-3124    or  4-172 
Ammonia  .         .  1*18055  or  2*125 

a  Fluoboric  acid         ,         ,         2%3124    or  4172 
Ammonia  .         •         1-77083  or  3-1875 

will  be  seen  as  we  proceed  with  tliis  work  that  2  volumes  of 
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oi^  If.    properties,*     Some  additional  fects  respecting  it  were 

wank  published  by  Dr.  John  Davy.f     It  may  be  pTocimiilf 

Ithe  foliowLiig^  procpss. 
Mix  together  in  a  retort  one  part  of  fiiielj'  pounded  fad 
borac-ic  acid,  tu'o  part**  of  fluor  spar  in  powder,  and  12  pimJ 
sulphuric  aeid.  Apply  the  beat  of  a  lamp.  A  gss  emu 
over  whieli  must  be  collected  over  mercury.  It  Is  ttwkm 
acid  gas.  For  this  process  we  are  indebted  to  Dr.  John  Dm 
The  gu8  obtaineti  by  this  process  L%  never  pure.  It  b  ahp 
mixed  with  fluosilicic  acid,  and  I  found  it  also  com 
with  sulphuric  acid.  Tbenard  and  Gay-Lussac  obtained  it  I* 
mixing  dry  fluor  spar  and  boracic  acid  together,  and  ha^ 
the  mixture  to  whiteness  in  a  gun  barrel.  But  that  procei) 
troublesome  and  little  productive.  Perhaps  the  easiest  metki 
of  getting  the  gits  pure,  is  to  dissolve  boracic  acid  in  p 
fluoric  acid,  m  was  done  by  Berzelius,  A  slight  heat  tea 
off  the  gas  which  may  be  received  over  mercury, 
J*iop*rtk»  of,  lluoboric  acid  thus  obtained  is  colourless,  and  poaseneit 
mechanical  properties  of  common  uir.  Its  smell  is  dmiki 
tliat  of  muriatic  acid,  aud  it  has  an  excecdijig'ly  arid  tasle. 
iiif^taiitly  gives  a  red  colour  to  vegetable  blues.  Ita  sm 
gravity,  jls  determiued  by  Dr,  Davy,  is  2'3709.:f  I 
the  very  same  specific  gravity  in  two  different  triak  I 
upon  deducting  the  fluosilicic  acid  and  sulphuric  acid 
which  tlie  gas  was  contaminated,  the  specific  gravity 
out  !2'36t22.§  Dumas  determined  the  specific  gravity  of 
gas  by  experiment,  and  found  it  2*3 124.  ||  Water, 
to  Dr,  Davy,  abstrrbs  700  times  its  volume  of  this  gaa^ 
liquid  thus  oblaiucd  is  of  the  specific  gravity  1*77,  Hoiee' 
follows  that  a  cubic  inch  of  wniet  when  saturated  H'ith  tU»| 
is  expaiuled  to  1"697  cubic  inch*  This  liquid  acid  hast 
tain  degree  of  viscidity,  similar  to  that  of  sulphuric  acid;  < 
like  it,  requires  a  high  temperature  to  cause  it  to  boil 
smokes  at  first,  and  gives  out  about  the  fifth  part  of  tbf  p 
which  it  contains,  but  no  more^  wheu  heated;  like  sukikii 
acid  it  chars  animal  and  vegetable  8id>stances.  It  forms  ttlyai 
ether  when  distilled  with  alcohol.     It  combines  with  the  dii^ 

♦  Mem.  d*Arcueil,  U*  317  ;  and  Recherches  Phjsico-^iaiii|tiea,  E 

f  Phil.  TraDs.  1 8 1 2,  p,  36  j. 

X  Mr,  Harvey  lately  tried  the  specific  gravity  of  this  gas  in  m\  Uhaat^ 
and  found  it  2'36A9,  a  result  which  does  not  differ  much  from  tbitifl^ 
Davy. 

f  First  Prbciples,  i,  159»  ,||  Ann.  de  Chim.  et  de  Phys.  ixvkKt 
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ent  l)ases,  atid  forms  salts  culleA  Jlnohorates,  It  may  be  passed  ^^^ 
over  red-lii)t  iron  witliout  iiodergoiiig  any  change.  But  pot-  ^ 
MBium  buHH  ill  it  and  appears  to  be  converted  into  fluoride  of 
potaj^sinm,  while  boron  h  diseng;i^ed.  Sulphurie  acid  hiiH  tlie 
property  of  absorbing  50  lijne.s  its  volume  of  this  gas  aeeordin|^ 
to  tbL*  determination  of  Berzelius.  The  acid  becomes  viscid. 
When  diluted  with  water,  a  white  precipitate  appears,  which 
is  boracic  acid. 

W^hen  water  absorb?^  fluoboric  aeid  gas,  it  allows  a  certain 
qyantity  of  boracic  aeid  to  precipitiite.  Tlds  (ii*  we  consider 
fluoboric  acid  as  a  compound  of  fluorine  and  boron)  niust  be 
owing  to  the  decomposition  of  water.  Fluoric  acid  mast  be 
formed,  tuid  boracic  acid  in  the  proportion  of  2  atoms  of  tlie 
former  to  one  of  the  latter.  When  the  wnter  becomes  satu- 
rated with  fluoboric  aeid  gas,  the  boracic  aeid  disappears.  It 
wouhl  seeui,  therefore,  that  it  i*  decomposed,  and  tlie  original 
fluoboric  acid  formed  again.  Berzelius  is  of  opinion  that  one- 
fourth  of  the  boron  is  precipitated  in  the  state  of  boracic  acid. 
Tliree- fourths  of  the  fluoboric  acid  remiun,  and  one-fourth  of 
fluoric  acid  is  formed.  These  two  imited  together  constitute 
what  Berzelius  has  called  liydro-fluoboric  acid. 

It  has  hitherto  been  impossible  to  analyze  fluoboric  acid  and  ^l^S!u 
determine  its  constituents  directly.  But  we  may  determine 
its  atomic  weight  with  consideral>le  precision,  from  which  we 
can  deduce  its  composition  with  little  risk  of  error.  Dr.  Davy 
found  that  fluoboric  acid  gas  and  ammoniacal  gas  combine  with 
each  other  in  tlie  following  proportions: 

L   1  volume  fluoboric  gas        7r       •  ■•  i      i 

,  .    ^,  >  forming  a  solid  stdt. 

1  volume  aramomacal  gas   y  *^ 

t2.  1  volume  fluoboric  gas        7  r       *  r     *  i 

^      ,  .  ^  I  ?  forming  a  liquid. 

2  volumes  ammoniacal  g?ts  j  o        ^ 

3.   1  volume  fluoboric  gas         J  ^       .  i*     . » 

^      ,  if  forming  a  uquid. 

3  volumes  ammoniacal  gas  3  »         1 

Bt  US  substitute  for  these  volumes  the  weights  by  employing 
specific  gravities  of  the  two  gases. 


219, 
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L 


a. 


Fluoboric  acid 
Ammonia 
Fluoboric  acid 
Ammonia 
Fluoboric  acid 
Ammonia 


2*3124  or  8-344 
0-59027  or  2-125 
2-3124  or  4-172 
1-18055  or  2- 125 
2*3124  or  4172 
1-77083  or  3- 1875 


ft  wiD  be  seen  as  we  proceed  with  this  work  that  2  volumes  of 
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'^'^^  *^    lent  heat  that  can  be  raised,  without  undergoing  any  adw 
change,  except  an  increase  of  density.      W'hen  first  pre{«m 
its  specific  js^ravity  is  1*183.*     But  after  exposure  to  a  virtfe 
heat  it  sinks  mpidly  in  sulpluiric  acid  of  the  specific  ^ri^ 
1-844.     It   is    insolnhle    in   water,   alcohol,    ether,   iv 
whether  cohl  or  hot.     It  does  not  decompose  water  er 
heated  in  that  licptid  to  the  temperature  of  212**.      B**r 
non-conductor  of  electricity- 
Boron  Is  not  altered  in  common  air,  or  oxygen  gx^  at  i 
ordinary  temperature  of  the  atmosphere;  but  w4ien  nu-"^ 
heat  not  quite  so  lii^li  as  (lOO**,  it  takes  fire   and  bum*  i 
great  splendour^  absorbing  at  tlie  same  time  oxvgen.    Bi  h 
combustion,  a  portion  of  the  boron  is  converted  into  boitf, 
acid,  which  undergoing  fusion,  coats  the   boron,  and  ki 
it  from  coming  in  contact  with  the  oxygen,  puts  an  end*» 
combustion.    If  thii*  boraeic  acid  be  washed  off,  the  bor» 
burn  agaiuj  but  requires  a  higlier  temperature.     A  great 
her  of  successive  combustions  and  washings  are  requitili^ 
order  to  convert  the  whole  of  the  boron    into  bomcic 
Several  experiments  have  been  made  to  deternaine  the 
of  oxygen  which  combines  with  boron,  and    converts  b  i 
boraeic  acid;  but  none  of  them  seem  entitled  to  much 
dence.     Gay-Lussiic  and  Thenard  acidified  a  portion  of 
by  lieating  it  in  nitric  acid.     Five  parts  of  boron,  by  tbif 
cess,  were  converted  into  7*5  parts  of  boraeic  acid*f     A 
ing  to  this  statement,  boraeic  acid  is  composed  of 
Boron  .         .  100 

Oxygen  •         .  50 

But  they  do  not  put  much  confidence  in  its  accuracy. 
Davy  found  that  when  30  grahis  of  potassium  were 
verted   into  potash  2-375    grains  of  boron    were    e^ 
Now  30  grains  of  potassium  require  six  grains  of  oiygfi 
convert  them  into  potash.     If  we  suppose   the  irhole  rf 
to  Iiave  been  in  combination  with  tlie  boron,  it  will  foQciv 
boraeic  acid  is  composed  of 

Boron  .         .         2.37S 

Oxygen         .         .         6 
He  found  farther  that  1  grain  of  boron,  when 


*  Roget  and  Duoias ;  Annals  of  Philosophy  (new  seriesX  in»  3^ 

f  Rccherches  Physico-chimiques,  I  307, 

I  Davy's  Lecture  on  some  new  Analytical  Researches  oq  the  Kn 

certain  Bodies,  p.  43>  Phil,  Tmns.  1809. 
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ent  base^,  and  forms  salts  called  Jluoboraies.  It  may  be  passed  ^c*^  ^'• 
o%'er  retl-hat  iron  without  unilergoifig  any  change.  But  pot*  ^ 
Qi^ium  Ininis  in  it  and  appears  to  be  converted  into  fluoride  of 
potassium,  while  honm  is  dlseti«^ed*  Sulphuric  acid  ha^  the 
property  of  al>sorbing  50  times  its  volume  of  thl^  ga.s  accord in^^ 
to  the  detenu  in  at  ion  of  Berzelius.  The  acid  becomes  vincid. 
Wlien  diluted  with  water,  a  white  precipiUite  appears,  which 
is  Iniraeie  acid. 

Wlieu  water  absorbs  fluoboric  acid  gas,  it  aUows  a  certain 
quantity  of  boracie  acid  to  precipitiite.  Tliis  (if  we  consider 
fluoboric  acid  as  a  compound  of  fluorine  and  boron)  must  be 
owin^  to  the  decomposition  of  water.  Fluoric  acid  must  be 
formetl,  and  boracie  acid  in  the  proportion  of  2  atoms  of  the 
former  to  one  of  tlie  latter.  When  the  water  becomes  satu- 
rated with  fluoboric  acid  gas,  tlie  l>oracic  acid  disappears.  It 
wouhi  seem,  therefore,  tliat  it  is  decomposed,  ami  the  original 
fluoboric  acid  formed  again.  Berzelius  is  of  opinion  that  one- 
fourth  of  the  boron  is  precipitated  in  the  state  of  boracie  acid, 
Tliree-fourths  of  the  fluol»oric  acitl  remain,  and  one-fourth  of 
fluoric  acid  is  formed.  These  two  united  together  constitute 
what  Berzelius  has  called  hydro-fluoboric  acid* 

It  has  hitherto  been  impossible  to  analyze  fluoboric  acid  and  i^fill!^ 
determine  its  constituents  directly.  But  we  may  determine 
its  atomic  weight  with  considerable  precisiouj  from  which  we 
can  deduce  its  composition  \nth  little  risk  of  error.  Dr.  Davy 
found  that  fluoboric  acid  gas  and  ammoniacal  gas  combine  with 
each  other  in  the  following  proportions: 

L   1  volume  fluoboric  gas        7^       .  i*  i     i. 

^  ,       ,  .   ^,  >  forming  a  solid  salt. 

B  1  volume  ammontactU  gas   >  " 

H        2,   1  volume  fluoboric  gas        7  ^  i-     •  i 

^K  „      ,  .1  f  formmg  a  liquid. 

H  2  volumes  ammoniaeal  gits  3  o         i 

■  3*   1  volume  fluoboric  gas         1  ^       .  i*     •  i 

■  ^1  •      1  ?  rormmg'  a  liquid. 
^              3  volumes  ammoniaeal  gas  3 

L^t  us  substitute  for  these  volumes  the  weights  by  employing 
the  specific  gravities  of  the  two  gases, 

I.       1,   Fluoboric  acid         ,         ,         2-3124    or  8-344 
i  Ammonici  .         .         0-59027  or  2-125 

2.  Fluoboric  acid         .         .         2-3124    or  4' 172 
I  Ammonia  .         .  M  8055  or  2*125 

I      3.  Fluoboric  acid        .         .         2-3124    or  4- 172 
i  Ammonia  •         .  1-770B3  or  3-1875 

t  wiD  be  seen  as  we  proceed  with  this  work  tbat  2  volumes  of 
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boroo. 


ci»*Pi  u.  It  IS  but  little  soluble  iu  water,  and  is  an  acid  by  no  means 
possessed  t>f  much  energy.  Its  properties  will  be  described  in 
a  subsequent  part  of  this  work, 

2,  Boron  combines  readily  with  chlorine  and  forms  aix  acid 
compoimd,  which  is  in  the  state  of  a  gas.  It  may  be  called 
horochhric  acid.  The  account  of  this  substance  was  published 
by  Berzelius  in  the  Memoirs  of  the  Stockholm  Academy  for 
1824*  Deprctz  ckims  the  discovery  of  it  in  July  18'23.t 
Hence  it  is  probable  that  the  discovery  wa.s  made  both  by  Ber- 
zelius and  Deprctz  without  any  knowledge  of  what  the  other  had 
done.  DimKu^  discovered  it  also  in  1826,  without  l)eing  aware 
that  it  had  been  pre^'iou>ily  examiiied^f  There  are  three  dif- 
ferent ways  of  procuring  it.  1.  Boron  wa.s  heated  by  Berze- 
lius in  pure  and  dry  chlorine  gas.  The  boron  catdiesfire  and 
burns  readily.  The  gaseous  chloride  of  boron  is  received  over 
mercury  mited  with  chlorine.  The  mercury  absorbs  the 
chlorines  and  leaves  the  borochloric  acid  in  a  state  of  purity. 
2,  Depretz  heated  the  boruret  of  iron  in  chlorine  gas;  chlo- 
ride of  iron  was  formed^  and  there  existed  a  mixture  of  cliloride 
of  boron  and  chlorine,  the  latter  of  wliich  was  removed  by 
mercury,  and  the  acid  gas  remained  in  a  state  of  purity-  '3- 
Dmnas  mixed  together  very  dry  boracic  acid  and  charcoal  in  a 
porceUiin  tube,  heated  the  mixture  to  redness,  and  then  passed 
a  current  of  ddorine  gas  through  it.  The  bonicic  acid  was 
decomposed  by  the  joint  action  of  the  chlorine  and  the  char- 
ooal,  its  oxygen  nniting  to  tlie  charcoal  ami  forming  carbonic 
oxide;  while  the  chlorine  united  to  the  boron  and  formed  the 
borochloric  acid.  The  gas  which  is  extricated  is  a  mixture 
of  2  volumes  of  borochloric  acid  and  3  volumes  of  oxide  of 
carbon. 

iti  propertiGi,  Borochloric  acid  is  a  colourless  gas,  possessing  the  meclAani- 
cal  properties  of  common  air.  It  has  a  ver}^  strong  and  pecu- 
liar smell,  WTien  it  comes  in  contact  with  common  air  it 
gives  out  tliick  vapours.  The  specific  gravity  of  this  gas  as 
determined  by  Dumas  is  3*942.§  Water  absorbs  it  with 
a\^dit)' ;  but  at  the  same  time  the  gas  is  changed  into  muriatic 
and  boracic  acid  by  the  decomposition  of  the  water.  It  is 
absorbed  also  by  alcohol,  which  acquires  an  etherial  smell. 
The  reason  of  the  white  vapour  which  appears  when  boro- 
chloric gas  is  mixed  with  the  air  is,  that  it  undergoes  decompo 


•  Page  96.  t  Ann.  de  Chim.  et  de  Pby«,  xxxvi.  486, 

I  Ann.  de  Chim.  ct  de  Ph^^s.  xxxiii.  376.  $  Ihld  380. 
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ent  bases,  atid  forms  salts  oiIIqA  ftuoborates.  It  may  be  passed  ««^  i^'- 
ever  red-hot  iron  without  uiiderg-oiiig  any  change.  But  pot-  '^ 
ikiiuni  burn?*  in  it  and  appears  to  be  converted  into  fluoride  of 
Potassium,  while  boron  Is  dlsengiiged.  Snlplnirie  aeid  bus  the 
property^  of  absorbing  50  times  its  volume  of  this  gas  accordiJig 
to  the  determination  of  Berzelius.  The  acid  becomes  viscid. 
When  diluted  with  water,  a  white  precipitate  appears,  which 
is  bomeie  acid. 

When  water  absorbs  fluoboric  acid  gas,  it  allows  a  certain 
quantity  of  boracic  acid  lo  precipitiite.  This  (if  we  consider 
fluoboric  acid  as  a  compound  of  fluorine  and  boron)  must  lie 
owinjr  to  the  decomposition  of  water.  Fluoric  aeid  must  be 
formed,  and  bonicic  acid  in  the  proportion  of  2  atoma  of  the 
former  to  one  of  the  hitter.  When  the  water  becomes  satu- 
rated witli  fluoboric  aeid  gas,  the  boracie  aeid  disappears.  It 
wouhl  seem,  therefore,  that  it  is  decomposed,  and  the  original 
fluoboric  aciil  formed  again.  Berzelius  is  of  opinion  that  one- 
fourth  of  the  boron  is  precipitated  in  the  state  of  bomeie  acid, 
Three-fourtks  of  the  fluoboric  acid  remain,  and  one-fourth  of 
fluoric  acid  is  formed.  These  two  united  together  constitute 
what  Berzelius  has  called  hydro-fluoboric  acid. 

It  lias  hitherto  been  impossible  to  analyze  fluoboric  acid  and  ^Jf^SJ^' 
determine  its  constituents  directly.  But  we  may  determine 
^  atomic  weight  with  considerable  precision,  from  which  we 
Mn  deduce  its  composition  with  little  risk  of  error.  Dr.  Davy 
found  that  fluoboric  acid  gas  and  ammoniacal  gas  combine  with 
Cfich  other  in  the  following  proportions: 

1,   1  volume  fluoboric  g^as        7  r       •  i*  i      i. 

®  >  tormnig  a  sohd  salt. 


I 


2. 


a 


I  volimie  ammoniacal  gas   5 

1  volume  fluoboric  gas        7  ^       ,  r     *  i 

^      ,  .      .         >  rormmg  a  liquid, 

2  volumes  anmioniat^l  gas  3  o        ^ 

1  volume  fluoboric  gas        7  i*       ■  r     ■  1 

^      ,  *      1         f'  forming  a  liquid- 

3  volumes  ammoniacal  gas  y  ^        ^ 


Let  us  substitute  for  these  volumes  the  weights  by  employing 
the  specific  gravities  of  the  two  gases. 


I 


a. 


Fluoboric  aeid 
Ammonia 
Fluoboric  acid 

Ammonia 
Fluoboric  acid 
Ammonia 


2-3 124  or  8-344 
0-59U27  or  2- 125 
2-3124  or  4-172 
M8055  or  2*  1 25 
2-3124  or  4172 
1-77083  or  3*1 875 


t  wiU  be  seen  as  we  proceed  with  tliis  work  that  2  volumes  of 
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properties.*  Some  additional  facts  respecting  it  were  after- 
wards publislietl  by  Dn  Joliii  Davy.f  It  may  be  procured  by 
tlie  following  process, 

MU  together  in  a  retort  one  part  of  finely  pounded  fused 
boracic  acidj  two  parts  of  fluor  spar  in  powder^  and  12  parts  of 
sulphuric  acid.  Apply  the  heat  of  a  lamp.  A  gas  comes 
over  wliicli  must  be  collected  over  mercury.  It  is  fluoboric 
acid  gas.  For  this  process  we  are  indebted  to  Dr,  John  Davy. 
The  gas  obtained  by  this  process  is  never  pure.  It  is  always 
mbced  with  fluosilicic  acid,  and  I  found  it  also  contiiiiiinated 
with  sulphuric  acid.  Thenard  and  Gay-Lussac  obtained  it  by 
mixing  dry  fluor  spar  and  borticic  acid  together^  and  heating  • 
the  mixture  to  whiteness  in  a  gun  barrel.  But  that  process  is  ' 
troublesome  and  little  productive.  Perhaps  the  easiest  method 
of  gettifjg  the  gas  purcj  is  to  dissolve  bonicic  acid  in  pure 
fluoric  acidj  as  was  done  by  Berzelius.  A  slight  heat  drives 
off  the  gas  which  may  be  received  over  mercury, 

Fluoboric  acid  thus  obtained  is  colourless,  and  possessed  the 
mechanical  properties  of  common  iiir.  Its  smell  is  similar  to 
that  of  muriatic  acid,  and  it  has  an  exceedingly  acid  taste.  It 
instantly  gives  a  red  colour  to  vegetable  blues.  Its  specific 
gravity^  as  detennined  by  Dr,  Davy,  Ls  2'37094  I  obtained 
the  very  same  specific  gravity  in  two  different  trials.  But 
upon  deducting  the  flnosilicic  acid  and  sulphuric  acid  uith 
whicli  the  gas  was  contaminated,  the  specific  gra^-ity  came 
out  2*3622.5  Dumas  determined  the  specific  gravity^  of  this 
gas  by  experiment,  and  found  it  2"3124,||  Water^  according 
to  Dr,  Davy,  absorlis  700  times  its  volume  of  this  gas.  The 
liquid  thus  obtained  is  of  tlie  S]>ecific  gravity  1-77.  Hence  it 
follows  titat  a  cubic  incli  of  water  when  stiturated  with  tliis  gas 
is  expanded  to  1'697  cubic  incli.  This  liquid  acid  has  a  cer- 
tain degree  of  vTscidity,  similar  to  that  of  sulphuric  acid;  and, 
like  it,  requires  a  high  temperature  to  cause  it  to  boil.  It 
smokes  at  first,  and  gives  out  about  the  fifth  part  of  the  gas 
which  it  contains,  but  no  more,  when  heated;  like  sulphuric 
acid  it  chars  animal  and  vegetable  8ul>stances,  It  forms  also  an 
ether  when  distilled  with  alcohol.     It  combines  with  the  dijfer- 

♦  Mem.  d'Arcueil,  ii,  317 ;  aiid  Recherches  Phjsico-cbimiques,  ii,  S7. 

t  Phil  Trans,  18 12,  p,  305. 

f  Mr,  llaney  lately  tried  the  specific  gravity  of  this  gas  in  my  laboratory. 
and  found  it  2*3649,  a  result  which  does  not  differ  much  from  that  of  Br, 
Davy. 

$  First  Principles,  i.  159.  ||  Ann,  de  Chim.  et  de  Phys,  nnxiti.  283. 
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ent  bases,  and  fonns  salt%  called  Jiitoboraies,  It  may  be  passed  sect,  rv* 
over  red-hot  iron  without  uiider^oiii^  any  change.  But  pot-  ^~' 
assium  biLnifi  in  it  and  appears  to  be  converted  into  fluoride  of 
potaAsiitn^  while  boron  Is  disengaged.  Sulpbnric  acid  hns  tlie 
property  of  absorbing  50  times  its  volume  of  this  gai*  according 
to  the  determination  of  Berzelius.  The  acid  becomej*  viscid. 
When  dihited  with  water,  a  white  precipitate  appears,  which 
is  boraeic  acid. 

When  water  absorbs  flooborie  acid  gas*  it  allows  a  certain 
quantity  of  boraeic  acid  to  jirecipitate.  This  (if  we  consider 
fluoboric  acid  as  a  eompotnid  of  fluorine  and  boron)  must  be 
owing  to  the  decomposition  of  water.  Fluoric  acid  must  be 
formed,  and  boraeic  acid  in  tlie  proportion  of  2  atoms  of  the 
former  to  one  of  the  latter.  \\'heii  the  wnter  becomes  satu- 
rated with  fluoboric  acid  gas,  the  boraeic  acid  disajipears.  It 
W*ould  seem,  therefore^  that  it  is  decomposed,  and  the  original 
fluoboric  acid  formed  figabi.  Berzelius  h  of  opinion  that  one- 
fourth  of  the  boron  Ls  precipitated  in  the  state  of  bontcie  acid. 
Three-fourths  of  the  fluoboric  acid  remain,  and  one-fourth  of 
fluoric  acid  is  formed.  These  tA^'o  united  together  constitute 
what  Berzellufl  has  called  hydro-fluoboric  acid. 

It  lias  liitherto  been  impossible  to  analyze  fluoboric  acid  and  iJf^J* 
determine  its  constituents  directly.  But  we  may  determine 
its  atomic  weight  with  coiLsiderable  precision,  from  which  we 
can  deduce  its  composition  with  little  risk  of  error.  Dr.  I)a\^ 
found  that  fluoboric  acid  gas  and  ammoniacal  gas  combine  with 
each  other  in  the  follomng  proportions: 


L   1  volmne  fluolionc  ffas        7  r       •  i* »     i^ 

,  .   ^,  MormuiE  a  solid  salt. 

1  volume  ammoniacal  gajs   3 

2,   I  volume  fluoboric  gas        7  r       •  1*     •  1 

^      ,  •if  forming  a  liquid, 

2  volumes  anmioniacal  gas  j  ^         ^ 

mid. 


13,   I  volume  fluoboric  gas        ^  ^       .  ,. 

,  '      1         ?  forming  a  liqu 

3  volumes  ammoniacal  gas  y  01 

t  us  substitute  for  these  volumes  the  weights  by  employing 
!  speciiic  gravities  of  the  two  gases* 
1.  Fluoboric  acid         .         .         2-3 124    or  8-344 
Ammonia  .         .  0-59027  or  2-125 

2.  Fluoboric  acid         .         .         2*3124    or  4-172 

I,  Ammnnm  .         •  MB055  or  2125 

i      a.  Fluoboric  acid         ,         .         2-3124    or  4-172 
i  Ammonia  .         ,         1-77083  or  3-1875 

t  will  be  seen  as  we  proceed  with  this  work  that  2  volumes  of 


k 


220  SIMPLE  ACIDIFIABLE  BASES. 

iL  ammonia  arc  equivalent  to  an  atom  of  that  gas.  ButwebR 
no  means  of  deciding  whether  1  volume  or  half  a  vohne  i 
fluoboric  gas  be  equivalent  to  an  atom.  It  is  evident,  hawma, 
from  the  preceding  table,  that  the  atom  of  fluoboric  adi  i 
eitlier  8-344  or  4*172,  taking  Dumas'  specific  g^vity  as  comd 
Were  we  to  employ  the  specific  gravity  as  determined  bjrm 
the  atomic  weight  would  be  8*5  or  4-25.  Unfortunately v 
salt  composed  of  fluoboric  acid  and  a  base  has  been  hidM 
analyzed.  We  cannot  therefore  be  certain  of  the 
weight  of  this  acid.  But  I  am  disposed,  from  analogy,! 
consider  the  atomic  weight  to  be  4*25,  and  to  redLon  1 
of  it  as  equivalent  to  an  atom.  If  so,  and  if  it  be  a 
of  fluorine  and  boron,  it  must  consist  of 

1  atom  fluorine         .         •  2*25 

2  atoms  boron  •         .  2*00 

4*25 

For  no  other  proportions  will  agree  with  the  atomic  imiji 
I  do  not  think  it  necessary  to  discuss  the  theoretical 
nations  of  Berzelius  and  Dumas,  because  they  are  foimiMi 
suppositions  which  liave  not  been  proved,  and  which,  theiffat 
cannot  find  a  place  in  an  elementary  treatise  on 
where  facts  alone,  not  hypotheses,  should  be  attended  ft 
Berzelius  conceives  it  to  be  a  compound  of 

Fluoric  acid         .         •         47*942 
Boracic  acid         •         •         52*058 
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Dumas  considers  it  as  a  compound  of 

1  atom  I)oron  .         .  0*68 

3  atoms  fluorine         .         .  3*51 

4*19» 

I  by  no  means  consider  my  determination  as  absolutely  ceM 
till  it  be  corroborated  by  direct  analysis ;  but  in  point  of 
plicity  it  far  excels  either  the  elaborate  deductions  of  Beiidi 
or  Dumas.f 
2j^**»y-       5.  Leopold  Gmelin  appears  to  have  obtained  a  bof*' 

*  Dumas  makes  the  atom  of  boron  0*68,  and  the  atom  of  fluorine  ^I^ 
guided  entirely  by  hypothetical  views. 

t  The  reader  will  find  Berzelius*  view  explained  in  the  Konj^  Vct» 
Acad.  Handl.  1824,  p.  G8 ;  and  Dumus's  in  Ann.  de  Chim.  et  de  B^ 
xxxiii.  372. 
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by  the  following  process.  He  mixed  to^etlier  four  s*^*-  ^ 
s  of  iron  filings  and  one  part  of  boracic  acid,  and  exposed  " 
die  mixture  to  a  strong  lieat  for  half  Jin  hour  in  a  crucible. 
The  liiaed  mass  was  dissolved  in  diluted  muriatic  acid.  An 
effenresoence  took  place,  and  boretted  hydrog^en  gas  mus  extri- 
cated** lliis  gas  had  the  smell  of  cfimmon  hydrogen  gas 
from  iron,  mixed  with  somewhat  of  the  smell  of  garlic.  When 
kiodled  it  burned  with  a  reddiih  yt'How  flame  surrounded  by  a 
^reen  border,  and  white  fumes  made  their  appearance  in  the 
veflsel  ID  which  the  combustion  took  place.  These  were  the 
onty  characters  by  whicli  the  presence  of  boron  was  indicated, 
Omelin  neither  determined  the  specific  gravity  of  the  gas,  nor 
made  an  analysis  of  it.  His  experiments  therefore  are  sufficient 
only  to  show  us  tliat  boretted  hydrofjen  gas  may  be  formed. 
Uh  gaa  seems  to  have  been  pnre  hydrogen,  mixed  with  only 
a  anall  proportion  of  boretted  hydrogen, 

6L  Hitherto  no  combination  of  boron  with  azote  or  with 
haii  been  discovered. 

The  affinity  of  boron  for  oxygen  appears  to  be  greater  than 
eidier  that  of  hydrogen  or  carbon.  Accordingly  at  a  red  heat 
b  deeom poses  wa ter  an d  ctirl )o nic  aci d .  In d e ed  i t  has  a  stronger 
attoity  for  oxygen  than  any  of  the  acldifiabie  bases^  unless 
oliDOii  constitute  an  exception.  Accordingly  it  separates 
exjrgen  from  all  of  them  when  assisted  by  a  sufficiently  high 
temperature. 
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SECTION  V, — OF  SILICON, 

There  U  a  rock,  which  occurs  in  great  abimdance  iii  the  Hiitofy, 


itive  mountains^  sonietiiues  farming  immense  beck^  or  even 
le  mountains :  sometimes  mixed  with  otiier  stony  bodies,  as 
ii»  granite.  This  rock  is  known  by  the  name  of  quartz.  As 
ikh  iiiune  and  several  others  which  resemble  it,  as  JlifU^  catce- 
Am^f  &c.  have  the  property  of  melting  into  a  </hisx  when 
sinnigly  heated  with  potash  or  sotja,  they  were  classed  together 
by  mineralogists  under  the  name  of  vitrtjiithle  stones.  Mr,  Pott, 
who  first  described  the  properties  of  these  minerals  in  1746,  gave 
th«m  the  name  of  siliceous  s(om<%  supposing  them  all  chiefly 
eompoived  of  a  peculiar  earth  called  siliceous  earth  ov  silica.  This 
earth  was  known  to  Glaul>er,  who  describes  the  method  of 
obtailling  it  from  quartz.  But  it  was  long  before  its  properties 
acciu^tely  ascertained.     Geoffroy  endeavoured  to  prove 

•  Schwcigger*B  Journal,  xv.  246, 
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chftp.u,  t]if^t  It  miglit  be  converted  into  lime,*  and  Pott^f  and  Baunie,| 
that  it  may  be  converted  into  alumina :  but  these  a.ss<?rtions 
were  refuted  by  CartLetisen§  Seheclc,  |]  and  Bergman*^  To 
tbii^  last  cbemist  we  are  indebted  for  the  first  accurate  descrip- 
tion of  the  properties  of  siiicff,*^ 

After  the  discovery  of  tlie  composition  of  the  fixed  alk^dies 
by  Davy,  it  naturally  suggested  itself  to  chemists  that  silica 
also  was  a  compound  of  oxygen  and  a  certain  unknown  base. 
Berzelius,  by  beating  violently  a  mixture  of  silica,  iron,  and 
charcoalj  succeeded  in  separating  the  oxygen  and  uniting  the 
base  of  the  silica  to  the  iron,  Davy  attempted  to  obtain  the 
base  of  silica  in  an  insulated  state,  by  passing  potassium  through 
red-hot  silica.  He  by  this  process  decomposed  the  silica ;  but 
the  whole  silicmi^^f  as  the  base  of  silica  may  be  called,  was 
redissolved  and  decomposed  when  water  was  poured  on  it. 
The  reason  probably  was,  that  he  had  employed  an  excess  of 
potfissium  to  decompose  the  silic^a,  Berzeliits  afterwards  suc- 
ceeded in  obtaining  silicon  in  a  separate  state,  and  in  determin- 
ing its  properties.Jt 

There  are  two  processes  by  means  of  which  this  substance 
may  be  obtained  in  a  state  of  purity. 
Howobuiju  1.  If  pottissium  be  heated  in  fluosilieic  acid  gas, fj  the  metal 
becomes  covered  witli  a  crust  which  liecomes  gradually  black, 
and  at  last  In-eaks,  while  the  potiLssium  cutehes  fire  and  burns 
mth  a  red  flame^  After  tlie  eondnistion  a  brown  scoriaceous 
looking  matter  remains.  When  it  is  thrown  into  water  hydro- 
gen gas  is  evolved  with  great  rapidity,  and  a  dark  bro^^Ti 
powder  fill  Is  to  the  bottom,  upon  which  water  has  no  farther 
any  action*  Tliis  powder  is  silicon  mixed  with  a  little  fluo- 
silicate  of  potash,  a  salt  which  being  but  little  soluble  in  water 
is  very  difficult  to  wasli  away.  It  may,  however,  be  completely 
got  rid  of  by  water,  thougli  a  great  deal  of  time  and  much 
washing  is  necess^u-y  for  the  purpose.  Hie  brown  matter  thus 
freed  from  fluosilicate  of  potash  is  pure  silicon. 

2.  Another  and  easier  process  for  obtitiuing  silicon  is  to  mix 

♦  Mem.  Par.  1746,  p.  2SG.         f  Lilhogeogn,  p.  iii.  Preface, 
^  Man.  de  Chim.  {  Miner.  Abb.  ||  Scheele,  i.  1£^1. 

I  Sur  hs  Tcrtea  Geopoiiiques;  Opusc,  v,  50.  *•  Ibid.  ii.  W, 

■f-f  It  has  been  usually  dtnomiiiQtecl  sUmiinu    But  as  the  termination  um  h 
used  by  chemists  to  denote  mcrols,  it  «a  better  to  make  carbon,  boron^  and 
MHem^  which  are  not  metallic,  and  which  rt^embJe  each  other  closely,  ter- 
titinmte  in  ihe  same  syllable  tm,  already  a[>pro(jriated  to  carbtm, 
l\  Kongl.  VetenfiL  Acad.  [landl.  1824-,  p,  40. 
$$  This  giis  \iitl  be  noticed  in  a  subsequent  part  of  this  section, 
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4-1!,^^  of  potash  made  as  dry  as  possible  without  having     s««tv. 

_  od,  with  |ths  of  its  weight  of  potiissium.  The  mix-  ~ 
ture  may  be  made  in  a  glass  or  iron  tube.  The  mode  is  to 
hare  the  salt  in  powder  and  to  heat  the  potassium  till  it  melts. 
It  b  then  well  nuxed  with  the  salt  by  means  of  an  iron  rod  or 
wire-  Tlie  mixture  is  then  heated  over  a  spirit  lamp.  It 
becomes  aii  at  once  red-hot,  tlte  potassium  burning  at  the 
expeose  of  the  silica  which  it  deprives  of  its  oxygen.  A 
oaherent  ma<5s  of  a  liver  bri>wn  colour  h  the  result,  which  is  a 
mixture  of  fluate  of  potash  and  silicet  of  potassium,  with  a 
ptntion  of  undecomposed  fluosiltt^ate  of  potash.  When  this 
mixture  is  thrown  into  water  a  quantity  of  bytlrogen  gas  is 
suddenly  given  out,  because  the  potassium  of  the  si  licet  is  con- 
Terted  into  potash  by  decomposing  waterj  and  the  silicon  is  set 
■I  liberty.  As  soon  as  tlieeftervescence  is  over,  and  the  liquid 
bis  become  clear,  it  is  decanted  off.  Tlio  brown  powder 
remaining  must  be  well  washed  with  cold  water  to  remove  tJie 
wuth  which  it  is  contaminated,  and  the  fluosilicate  of 
witli  which  it  is  mixed-  After  the  potash  hm  been  well 
awa)'  by  cold  water,  hot  water  may  be  used  to  wash 
««;fty  the  fluosilicate  of  potash.  When  it  has  been  completely 
Viatied  awuy  pure  silicon  remainsj  which  may  be  collected  on 
a  filter  and  dried* 

Silicott  thus  obtained  is  a  powder  of  a  deep  brown  colour,  Proiicrtici. 

§o  similar  in  appeanuice  to  iMjron^  tliat  it  would  be  very 
5cull  to  distinguish  the  one  from  the  other  by  their  external 
[jter*.  Silicon  m  rather  deeper  coloured  and  more  brown 
1  boron.  It  is  a  non-conductor  of  electricity.  It  stains  the 
L*r^  and  adheres  to  every  thing  tlmt  comes  in  contact  with 
Like  carbon  and  boron  it  may  he  exf^osed  to  a  very  high 
iture  in  close  vessels  without  fusion;  but  becomes 
Br  the  greater  the  heat  to  which  it  has  been  fiubjected, 
ihU  treatment  its  properties  are  very  materially  altered. 
Silicoa,  before  it  has  been  strongly  heated,  is  readily  com- 
mie in  the  air,  and  burns  with  a  very  lively  flame.  By 
this  combustion  about  one-third  of  it  is  converted  into  silica, 
vhile  tlie  rest  is  preserved  by  the  silica  formed,  preventing 
the  uti burnt  portion  from  coming  in  contact  with  tlie  atmo- 
f|llie?e.  When  tJius  burnt  (even  when  made  as  dry  as  possible 
belbfekatid),  there  is  always  formed  a  certain  quantity  of 
wrnter,  and  we  perceive  a  feeble  l»lue  flame  at  the  surface. 
This  fthoiws  that  it  is  not  pure  silicon,  but  a  compound  of 
lilioon  and  hydrogen.     The  hydrogen  doubtless  replaced  the 
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patassium  when  the  eilicet  of  potassium  was  decomposed  by 
water.  It  is  not  acted  on  I^y  sulphuric  acid,  nitric  acid,  nor 
aqua  reg-ia,  even  when  boiled  with  these  acids.  But  liquid 
muriatic  acdtl  dissolves  it  even  without  the  application  of  heat* 
So  does  a  concentrated  solution  of  caustic  ]>ota.sh  when  assisted 
by  heat.  At  the  same  time  a  quantity  of  hydrogen  gas  is  evolved. 

After  silicon  Ikis  been  ignited,  its  specific  gravity  is  higher 
than  1'837 ;  for  it  precipitates  to  the  bottom  of  concentrated 
snlphuric  acid.  It  neither  burns  in  air  nor  in  oxygen  gas, 
even  though  strongly  heated  in  these  mediums.  It  is  not 
altered  by  the  action  of  the  blow-pipe  even  when  mixed  with 
chlorate  of  potash.'  Nor  does  it  burn  tliongh  it  be  heated  to 
redness  in  saltpetre.  Neither  fluoric  acid  nor  a  solution  of 
caustic  potash  have  any  action  on  it  even  at  a  boiling  tempera- 
ture. But  a  mixture  of  fluoric  acid  and  nitric  acid  dissolves  it 
with  great  faeilityj  while  at  the  same  time  deutoxide  of  azote 
is  disengaged. 

The  difference  between  the  silicoUj  before  and  after  strong 
ignition  is,  that  the  heat  drives  off  the  hydrogen  with  whicli  it 
was  combined,  and  leaves  the  silicon  pure.  It  may  be  obtained 
in  that  state  by  half  filling  a  platimnn  crucible  with  it,  and 
slowly  heating  it  while  covered  with  its  lid.  By  this  method 
the  hydrogen  is  gradually  burnt  away,  the  heat  is  then  to  be 
raised  to  whiteness,  and  the  crucible  kept  in  that  state  for  some 
time.  The  silicon,  tlms  treated,  is  to  be  washed  in  fluoric 
acid,  in  order  to  remove  any  silica  with  which  it  maybe  mixed. 
Being  now  washed  and  dried  it  is  pure. 

Silicon  has  a  strong  affinity  for  oxygen,  but  the  combination 
does  not  Uike  place  except  at  a  very  high  temperatiu-e.  To 
convert  it  into  siiica  or  siiicic  acid^  as  it  should  be  called,  we 
must  mix  it  with  dry  carbonate  of  potiish  or  8oda.  When  such 
a  mixture  is  lieated  (far  below  rednes^s)  the  silicon  burns 
nvidly,  at  the  expense  of  tlie  carbonic  acid  ;  carbonic  oxide 
is  disengaged,  and  the  residue  is  tinged  black  by  carbon  depo- 
sited. If  we  employ  a  great  quantity  of  the  alkaline  carbon- 
ate, combustion  does  not  take  place,  and  no  carbon  is  precipi- 
tated; nothing  takes  phice  but  the  evolution  of  carbonic 
oxide  and  the  conversion  of  the  silicon  into  silicic  acid*  By 
this  process  silicate  of  potash  or  soda  is  formed. 

Saltpetre  even  in  a  state  of  fusion  does  not  act  upon  silicon. 
When  we  raise  the  heat  to  redness,  a  feeble  disengagement  of 
gas  takes  place.  If  we  add  a  little  dry  carbonate  of  potash  to 
the  mixture,  the  silicon  immediately  detonates  by  decompos- 
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Ing  the  carbonic  acid  of  the  carbonate.     If  we  heat  a  mixture     s«' 
of  silicoti  and  nitre  to  a  while  heat,  a  very  violent  detonation 
takes  place,  and  silicic  acid  h  formed. 

Silicon  burns  also  with  dbengag^ement  of  light  by  decom- 
posing the  water  in  the  fused  alkaline  hydrates*  But  it  has  no 
Action  on  boracic  acid  or  on  borate  of  «*oda. 

11.  Silicon  has  the  property,  in  all  probability,  of  combin- 
ing with  all  the  supporters  of  combustion,  though  upon  bro- 
mine and  ioduie  sufficient  experiments  have  not  yet  been 
made  to  enable  us  to  affirm  tliat  it  is  capable  of  combining 
with  the«e  two  bodies, 

1-  We  are  acquainted  with  only  one  compound  of  silicon  ^ii"*^ 
nod  oxygen ;  namely,  silica  or  silicic  acid^  which  is  one  of  the 
abundant  substances  in  nature.  It  is  a  white^  tasteless 
ler,  feeling  gritty  between  the  teeth,  and  Iiaviiig  a  speci- 
&  gravity  of  2*65  according  to  tlie  determination  of  Roget  and 
Dumaa.^  WTien  originally  formed  by  the  combustion  of  sili- 
dqh,  it  was  found  by  Berzelius  so  sokible  in  water,  that  the 
Bqoicl  when  concentrated,  gelatinized.  But  after  it  lias  been 
cjqKMied  to  heat  it  loses  its  solubility  altogether.  When  silica 
\  mixed  with  thrice  its  weight  of  potash,  or  with  a  cjuantity  of 
Hiate  of  potash  containing  thrice  as  much  potasli  as  the 
It  of  the  silica  employed,  and  the  mixture  is  exposed  to  a 
red  heat,  it  fiLses  and  itssumes  on  cooling  the  appearance 
as.  This  glass  dissolves  in  water.  If  to  an  aqueous 
alution  of  it  we  add  a.s  much  muriatic  acid  as  will  saturate  the 
and  concentrate  the  solution  sufficiently,  the  silica 
the  form  of  a  white  translucent  j>%.  This  character- 
lesi  inliea.  If  we  evaporate  the  whole  to  dryness,  and  wash 
die  salt  of  potash  from  the  dry  miiss,  the  silica  remains 
^Und  in  the  state  of  a  very  fine  white  tasteless  j*owder. 
Berzelius  and  Stromeyer  made  a  set  of  experiments  to  cumpoiittoii, 
prmine  the  qvumtity  of  oxygen  which  exists  in  silica.  They 
(ed  together  inm  filings  from  the  purest  iron  that  could  be 
procured,  silica,  and  charcoal,f  in  the  proportions  of  3  iron-,  1*5 
iJiea,  and  0*66  charcoal.  This  mixture  was  put  into  a  covered 
ible,  and  exposed  for  an  hour  to  the  greatest  heat  that 
be  raised  in  a  blast  furnace.  By  this  means  a  combina* 
of  iron,  silicoiv  and  earhoo,  was  formed.  It  was  in  the 
state  of  globules  that  had  undergone  complete  fusion*  When 
pureed  from  the  cluu-coal  they  were  white  and  ductile,  uidess 

•  ADOaU  of  Philosophy  (second  series),  iii.  39^. 

t  Stroin^crused  lamp  black  to  get  rid  of  theulkult  wliich  charcoal  contains. 
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Chap.  1 1,  when  they  conraiiied  a  great  proportion  of  carbon.  When 
(iissolved  in  muriatic  acid  they  o^ave  out  a  greater  proportion 
of  hydrogen  gikn  i\mn  the  ^ame  wciglit  of  jJiire  iron  would  have 
furnished.  A  substance  remained  undisisolved,  whicli  retained 
the  form  of  the  globules,  and  which  was  silica,  still  mixed  with 
some  iron  and  carbon,  from  which  it  was  separated  by  repeated 
calcination  and  digestion  in  nuniatic  acid.  According  to 
Stromeyer's  experiments,  the  globules  containing  most  silicon 
were  composed  of 

Iron  .         .         85-3528 

Silicon  .         .  9'2679 

Carbon         .         .  5^3793 
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and  the  globules  that  contained  tlie  least  silicon  w^ere  com-^ 
posed  of 

Iron  .         .         961780 

Silicon  .         ,  2*21*24 

Carbon         .         ,  1-6096 


1000000* 

The  specific  gravity  of  the  iron  was  considerably  reduced 
by  combining  it  with  silicon.  The  specific  gravity  of  the  iron 
employed  by  Stromeyer  was  7*8285.  The  specific  gravity  of 
the  alloy  was  never  higher  than  7*3241,  nor  lower  than  6*7777- 
Its  specific  gravity  was  inversely  as  the  proportion  of  silicon 
which  it  contained. 

There  could  be  no  donbt,  that  in  the  alloy  the  silicon 
existed  in  a  stMe  of  pnrity,  but  wdien  the  compound  was 
dissolved  in  muriatic  acid,  the  silicon  combined  with  oxygen, 
and  was  converted  into  silicon.  Both  Berj&eliui*  and  Stromeyer 
endeavoured  to  determine  the  quantity  of  oxygen  w^hich 
unites  with  silicon,  and  converts  it  into  silica,  by  decomposing 
a  given  weight  of  the  alloy,  and  then  weighing  each  of  the 
constituents  separately.  The  excess  of  weight  was  considered 
to  be  the  oxygen  which  had  united  with  the  silicon.  TliLs 
method  would  answer,  if  these  experiments  could  be  per- 
formed with  rigid  accuracy.  But  where  an  error  imiounting 
only  to  a  small  fraction  of  a  grain  woo  Id  make  a  very 
material  difference  in  the  result^  it  is  impossible  to  have  much 
confidence  in  tl»e  conclusions.  According  to  the  experiments 
of  Berzelius  silica  is  composed  of 

•  Gilbert**  Annalen,  xxxviii.  330. 


^^^^ 

SILICON*           ^ 

Silicon 

54-66  to  52-25 

Oxygen 

45-34  to  47-75 

ScciV.'^ 


100  00      10000 
AcoorcHiig  to  Stromeyer,  silica  ia  composed  of 
SUicon  •         -         46-0069 

Oxygen         .         •         50-9931 


100-0000 
Tlie  mean  of  these  two  sets  of  experiments  gives  us  silica 
iposed  of 

Silicon  .         .         !00 

Oxygen         .         ,  102-245 

After  BetEelius  had  obtained  silicon  in  a  state  of  purity, 
lie  made  a  direct  experiment  to  deteronne  how  much  it  increased 
in  weight  when  converted  into  silica.  He  ignited  100  parts 
of  ^icon  with  carbonate  of  soda.  The  mass  was  super- 
s&tarated  with  muriatic  acid^  evapomted  to  dryness,  and  the 
residue  strongly  ignited.  Being  digested  in  water  a  grey 
coloured  silica  remained,  which  after  wasliing  and  ignition, 
weighed  203*75  part5.  The  liquid  filtered  from  the  silica 
was  again  e\'aporated  to  dryness,  and  the  saline  residue  ignited. 
By  dissolving  the  fused  salt  in  water  1-5  part  more  of  wilica 
obtained,  malcing  the  whole  weight  of  silica  from  100 
205'25.*  According  to  this  experiment,  silica  is  com- 
of 

Silicon  .         •         100       or  0-95 

Oxygen         .         .         105-25  or  1 
consider  silica  as  a  compound  of  1  atom  mlicon  and  1 
fttom  oxygen,  this  analysis  gives  us  0-95  for  the  atomic  weight 
of  silicon;  while  the  mean  of  the  experiments  of  Berzeliusand 
Stromeyer  on  silicet  of  iron,  gives  04)78  for  that  weight. 

But  I  am  satisfied  that  the  weight  of  the  atom  of  silicon  ^^"^^ 
deduced  from  both  of  these  sets  of  experiments,  is  a  litle  below 
tlie  truth*  I  have  shown  ekewhere  that  the  atomic  weight  of 
iilica  deduced  from  the  analysis  of  eight  different  minerals  is 
2<KH^45.f  Thb  (if  we  suppose  silica  to  contain  i  atom  of 
oxygen  and  1  atom  of  silicon)  gives  1-00245  for  the  atom  of 
nlioom*  1  have  shown  also  that  the  hydrates  of  silica  which 
are  numerous,  and  five  of  which  1  examined,  give  exactly  2 
for  tlie  atomic  weight  of  silica.f     This  would  make  the  atom 

•  KongU  Vetcns.  Acad.  Handl.  1824-,  p.  63, 

t  First  Principles,  i.  17  L  t  Ibid,  p,  191. 
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of  silicon  exactly  1,  a  number  recommended  })y  ite  simplicity » 
and  which  I  am  disposed  to  consider  as  the  true  weiglit  of  that 
body.  Silicon  tlien  not  only  resembles  lioroii  very  closely  in  its 
jjroperties ;  but  lias  also  the  same  atomic  weight  with  that  body, 
2*  Chloride  of  sUieon.  Silicon  was  found  by  Berzelius  to 
burn  \^ividly  when  heated  in  chlorine  gas,  and  to  be  rapidly 
volatilized.  The  compound  tlius  formed  condensed  into  a 
colourless  liquid,  whicli  was  chloride  ofsiiiron.  It  is  very  lim- 
pi<l  and  volatile,  and  evaporates  almost  instantaneously  in  the 
form  of  a  ivhite  vapour  when  exposed  to  the  open  air.  It 
boila  at  a  temperature  below  21*2°,  and  the  specific  gravity  of 
Its  vapour,  iis  determined  by  Dumas,  is  5-939,*  It  has  a  suf- 
focating odour,  not  unlike  that  of  cyanogen.  It  reddens  lit- 
mus paper  very  strongly,  and  seems  therefore  to  possess  the 
characters  of  an  acid.  When  dropt  into  water  it  sinms  on  the 
surface  of  that  liquid.  It  is  gradually  dissolved  in  the  ^uter, 
but  deposites  at  the  same  time  a  little  silica  in  tlie  form  of 
jelly.  When  a  drop  of  chloride  of  silicon  and  of  water  are 
brought  into  contact,  muriatic  acid  is  disengaged,  and  the  water 
is  converted  into  a  jelly  by  the  deposition  of  silicic  acid. 
Thus  we  see  that  water  and  this  chloride  mutually  decompose 
each  other.  It  is  obvious  from  this  that  it  is  composed  of 
1  atom  chlorine  ,  •  4*5 

1  atom  silicon  ,         ,  1* 


5-3 

Its  atomic  weight  therefore  is  5*5. 

It  is  obvious  that  tlie  specific  gravity  of  the  vapour  of  this 
chloride  is  equal  to  its  atomic  weight,  multiplied  liy  Mill  or 
6'1111.      It    is    precisely    equal    to  the    specific   gravity   of 
cidorinc  gas  +  the  specific  gravity  of  fluosilicic  acid.     Is  it  not        g 
a  compound  of  1  \  olume  chlorine  gas  +  I  %'otume  fluosilicic   ^H 
acid,  united  together,  arul  condensed  into  one  volume  ?  ^^ 

Potassium  is  not  altered  when  mixed  witli  chloride  of  silicon; 
but  if  the  mixture  be  lieated,  the  chloride  is  converted  iiito  a 
gas  in  which  the  potassium  catches  fire,  and  burns  when  the 
temperature  becomes  rather  elevated. 

*).  We  do  not  know  at  present  the  l*romide  of  silicon. 
Berzeliuwdid  not  succeed  in  forming  an  itulide  of  silicon  when 
he  heated  silicon  in  iodine  vapour.f 

4.  Silicon  unites  with  fluorine  and  forms  an  acid  gas,  which 

•  Ann.  de  (.'him.  ct  de  Phys*  xxxiii.  367. 
f  KongL  Vctens,  Acad.  Handl.  1824,  p.  68. 
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first  formed  by  Scheele,  ami  afterwards  more  particularly     ^*  v* 
examined  by  Dr.  Priestley.     It  has  received  the  name  of jfwo*  FTuoiWicte^ 
Mthcic  acid.    It  is  easily  obtained  by  mixing  together  fluor  spur  ^*^* 
aind  glasR  or  quartz,  l>oth  in  fine  powder  in  a  small  retort, 
md  adding  a  sufficient  quantity  of  sulphwric  acid  to  form  the 
whale  into  a  semifluid  miigma*     W^hen  heat  is  applied  to  thii^ 
mixture^  fluusilicic  acid  comes  over  in  the  fbrni  of  a  transpa- 
rriit  invisible  gus. 

This  gas  is  nipidly  absorbed  by  water,  while  silica  is  depo- 
Mted  in  a  gelatinous  state.  Its  specific  gravity,  as  determined 
by  Dr,  Davy,  is  S-STOS.*  I  found  tlie  specific  gravity  :)-6.f 
When  this  ga**  is  placed  in  contact  with  liquid  ammonia,  it  is 
absorbed)  and  the  whole  silicon  wliich  it  contains  is  deposited 
in  the  state  of  silica.  Dr.  Davy  found  that  40  cubic  inches 
of  the  gas,  when  thus  treated,  deposite  '27*2  grains  of  silica. 
On  repeating  the  experiment,  I  obtiuned  from  40  cubic  inches 
af  this  gas  27-14  grains  of  silica;  but  from  the  difficulty  of  eol- 
itcUng  the  whole,  it  m  possible  tliat  a  little  may  have  escaped 
me.  Forty  cubic  inches  (supposing  tlie  specific  gravity  r>6) 
a*eigh  44*848  grains.  Hence  the  gas  (supposing  it  a  compound 
Mof  fluoric  acid  and  silica)  must  be  com  pose  tl  of 

Fluoric  acid         .         .         17-648  or  1'25 
Silica  ,         .         •         27-2      or  1-Bl 


44-848 
numbers,  though  not  correct^  approacli  near  enough  1 
fluoric  acid  and  1  atom  of  silica^  to  satisfy  us  that  this 
losl  be  the  constitution  of  the  acid.     Or  if  we  consider  it  as 
leompound  of  fluorine  and  silicon,  its  constituents  must  be 
I  atom  fluorine         *         .         2-25 
1  atom  silicon  .         .  1*00 


3-25 
I  Ub  alomic  weight  must  be  3*25.    The  nature  and  proper- 
tof  this  acid  will  be  treated  of  more  at  large  in  a  subsetpent 
[Iter  of  this  work,  w  hen  the  different  acid  substances  come 
pr  our  review* 
S»  ll  is  ob\4ous  from  the  phenomena  observed,  when  silicet  JJ*'J,'^«^:[, 
'pOtaorium  is  decomposed  by  water  that  the  brown  coloured 
ier  obtained,  which  burns  so  readily  when  heuttMl  in  the 
'  Men  air  or  in  oxygen  gas,  is  a  compound  of  siOcon  antl  l»ydro- 


•PhilTriinA.  1812,  p,  334. 
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gen;  or  a  Bilieet  of  Lydrogen  probably  composed  of  an  atom 
of  each  coDStituent.     If  so,  its  comtituents  are 
1  atom  silicon  *         .         1 


1  atom  hydrogen 


0-1*2^: 


jiUon. 


M25 

Its  atomic  weight  will  be  1'1255  and  its  constitoeiits  bear  the 
same  ratio  to  each  other  as  oxj^gen  and  hydrogen  in  water. 

6.  We  are  not  acquainted  with  any  compound  of  silicon  and 
a2ote. 

?•  Silicon  and  carbon  combme  when  they  come  in  contact 
in  a  nascent  state.  This  carburet,  which  is  a  dark  brown 
powder,  burns  when  heated,  silica  and  carbonic  acid  gas  being 
formed,  hut  without  any  sensible  augmentation  in  weight. 
If  we  suppose  the  carburet  of  silicon  to  be  composed  of 
1  atom  carbon  .  •  0*75 
1  atom  silicon  .         .  1*00 


1-75 


it  is  obvious  that  its  atomic  weight  will  be  1*75,  and  that  1'75 
of  it  when  completely  burnt,  would  be  converted  into  2  of 
silica.  Thus  the  angmentation  of  weight  is  but  small,  and  if 
the  combustion  of  the  silica  be  imperfect,  it  may  even  be  imper- 
ceptible. 

8.  No  attempt  has  been  made  to  combine  silicon  and  boron. 
When  silicic  acid  and  boracic  acid  are  heated  together  they 
melt,  and  are  converted  into  a  transparent  colourless  gla^s. 

From  the  preceding  account  of  silicon,  its  close  resem- 
blance to  boron  must  be  evident.  The  apparent  anomaly  o^ 
Biticon  burning  vi\ddly  in  a  carbonated  alkali,  but  not  in  salt- 
petre, seems  to  be  owing  to  the  very  high  temperature  requi- 
site before  silicon  and  oxygen  can  couihine*  The  nitre  when 
slowly  heated  loses  its  oxygen  Itefore  it  reaches  the  requisite 
temperature.  In  the  alkaline  carbonates,  tlie  aiBnity  of  the 
silica  for  the  alkali  is  the  cause,  probably,  wliy  the  silicon 
unites  to  the  oxygen  of  the  carbonic  acid,  and  burns  at  a  compa- 
ratively low  temperature. 

SECTION  VI. — OF  PHOSPHORUS. 

Phosphorus  may  be   prociu-ed  by   the    follo\^'ing  process 
Let  a  nuantity  of  bones  be  burnt,  or,  sis  it  is  termed  in  che- 
mistry, ealeinedy  till  they  cease  to  smoke,  or  to  gi^^e  out  any 
odour,  and  let  them  tiftcrwards  be  reduced  to  a  fine  powder* 


FHOSPHOHtTS. 


Put  IQO  parts  of  this  powder  into  a  basin  of  porcelain  or  ***  vi. 
f»taiieware,  dilute  it  udtb  four  times  itii  weij^ht  of  water,  and 
tlien  add  graduaily  (stirring  the  mixture  after  every  addition) 
85^  parts  of  sulphuric  acid**  The  mLxture  becomes  hot,  and 
a  vast  number  of  air-l nibbles  are  extricated.f  Leave  the  mix- 
lure  in  this  state  for  24  hours;  taking^  care  to  stir  it  well  every 
now  and  then  with  a  glass  or  porcelain  rod  to  enable  the  aeid 
to  act  upon  the  powder*! 

TTie  whole  is  now  to  be  poured  on  a  filter  of  cloth  ;  the 
liquid  which  runs  through  the  filter  is  to  be  received  in  a  por- 
I'Celaia  basin;   and  the  white  powder  which  remains  on  the 
Br,  after  pure  water  has  been  poured  on  it  repeatedly,  and 
n^ed  to  stndn  into  the  porcelain  basin  below,  being  of  no 
i«»,  may  be  thrown  away. 
Into  tlie  liquid  contained  in  the  porcelain  basin,  which  has 
very  aeid  taste,  nitrate  of  lead,§  dissolved  in  water,  is  to  he 
poured  slowly ;  a  white  powder  immediately  falls  to  the  bottom: 
;  the  nitrate  of  lead  must  be  added  as  lon^  jls  any  of  this  powder 
I  continues  to  be  ftirmed.     Throw  the  whole  upon  a  filter.     The 
^whit^   powder  which  remains   U|*on   the  fiUer  is  to  be  w^ell 
[washed,  allowed  to  dry,  and  then  mbced  with  about  one-sixth 
i  of  its  weight  of  charcoal  powder,     Tliis  mixture  is  to  be  put 
into  an  earthenware  retort.     The  retort  Ls  to  be  put  into  a 
liimace^  and  the  beak  of  it  plunged  into  a  vessel  of  water,  so 
as  to  be  just  under  the  surface.      Heat  is  now^  to  l>e  applied 
grradually  till  the  retort  be  heated  to  whiteness,     A  vast  num- 
ber of  air-bubbles  issue  from  the  beak  of  tlie  retort,  some  of 
which  take  fire  when  they  come  to  the  surface  of  the  water. 
At  laal  tliere  drops  out  a  suljstarice  whicl*  has  the  api>earance 
of  melted  wax,  and  which  congeals  mider  tlie  water.     Thb 
substance  U  phosphorus. 

It  WBfi  accidentiilly  discovered  by  Brandt,  a  chemist  of  Ham-  m*tory. 
burgll,  in  the  year   IG69,||   as  he  was  attempting  to  extract 

^  Itwould  appear  from  the  observations  of  M.  Julien  Javal^that  bipbo^phate 
sf  lime  and  eharooal  wben  heated  yield  niost  phosphorus.  See  Add.  de 
Mifies*  VI.  89. 

-f  The  copious  emission  of  air-bubbles,  is  called  in  chemistry  effervescence, 

X  Foiircroy  and  Vanquelin,  Mem.  de  Tlnst.  li.  28 S. 

f  A  nit  to  be  described  in  a  Bubsetjuent  part  of  this  work.  It  answen 
better  thiin  acetate  of  lead,  m  \^as  first  pointed  out  by  Giobert,  and  more 
bttd^  by  Mr.  Hume,  See  Giobcrt's  process,  Ann.  de  Chim.  xiL  15;  and 
FliiL  Mmg.  %x,  I(i0. 

I  floinbcrg,  Mem.  Par,  x.  84.  An  account  of  it  is  publishetl  in  the  Phi- 
TnmsactioiiB  for  I  (id  I,  first  by  Sturnuufi,  and  then  by  Dr.  SUre. 
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Chap.  It  from  human  urine  a  liquid  capable  of  converting  silvc?  into 
gold.  He  showed  a  specimen  of  it  to  Kunkel,  a  German  che- 
mist of  considenibie  eminence,  who  mentioned  the  fact  as  a 
piece  of  news  to  one  Kraft,  a  friend  of  his  at  Dresden*  Kraft 
immediately  repaired  to  Hamburgh,  and  purchased  the  secret 
from  Brandt  for  t200  dollars,  exacting  from  him  at  the  same 
time  a  promise  not  to  reveal  it  to  any  other  person.  Soon 
after,  he  exliibited  his  phosphorus  publicly  in  Britain  and 
Fmnccj  expecting  doubtless  that  it  would  make  bis  fortune, 
Kunkel,  who  had  mentioned  to  Kraft  his  intention  of  getting 
possession  of  the  process,  being  vexed  at  tlie  treacherous  con- 
duct of  his  friend,  attempted  to  discover  it  himself;  and  about 
the  year  1674  he  succeeded,  though  he  only  knew  from  Brandt 
that  urine  was  the  substance  from  which  phosphorus  had  been 
procured,*  Accordingly  he  is  always  reckoned,  and  deservedly 
too,  as  one  of  the  discoverers  of  phosphorus. 

Boyle  likewise  discovered  phosphorus.  Leibnitz  indeed 
affirms,  that  Kraft  taught  Boyle  the  whole  process,  and  Krafl 
declared  the  same  thing  to  Stahl.  But  surely  the  assertion  of 
a  dealer  in  secrets,  and  one  who  lutd  deceived  his  o'vvn  friend, 
on  which  the  whole  of  this  story  is  founded,  cannot  be  put  in 
competition  with  the  affirmation  of  a  man  like  Boyle,  who  was 
not  oidy  one  of  the  greatest  [diilosophers,  but  likewise  one  of 
the  m<»st  virtuous  men  of  his  age  ;  ai>d  be  positively  assures  us, 
that  he  made  the  discovery  mthout  being  previously  acquainted 
witb  the  process.f 

Mr.  Boyle  revealed  the  process  to  his  assistant  Godfrey 
Hankwitz,  a  London  apothecary,  who  continued  for  many 
years  to  supply  all  Euro|ie  with  phosphorus.  Hence  it  was 
known  to  chemists  by  the  name  of  EmjUsh  phospkonis^l  Other 
chemists,  indeed,  had  attempted  to  produce  it,  but  seemingly 
without  success,§  till  in  17*37  a  stranger  appeared  in  Paris,  and 
offeretl  to  make  phosphorus.  The  French  Government  graJited 
him  a  reward  for  communicating  bis  process,  Hellot,  Dufay, 
Genifroy,  and  Didiamel,  saw  him  execute  it  with  success;  and 
He! lot  publislied  a  very  fall  account  of  it  in  the  Me^moirs  of 
the  French  Academy  for  1737,|| 

•  This  is  Kimkers  own  account-  Sec  his  Laboratoriwm  Chymxctim, 
p.  660*  See  also  Wiegleb'a  (icschichtc  ties  Wacbsthunis  iind  clerErfindungen 
in  der  Chemie,  vol.  i.  p.  4-i, 

f  Boyle*a  Works  abridged  by  Shaw,  iii.  174* 

t  See  Hoflman*s  experiments  on  it,  published  in  1 722,  in  hi^  Observnt. 
Phys*  Chym.  Select  p,  3tH. 

S  Stahrs  Fundaraent*  Chym.  u*  38.  tl  Mem.  Pur.  1737,  p-  342. 
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PHOSPHORUS.  ^^  ^m^^B  g^^ 

;  eonsistcd  in  evaporating  putrid  urine  to  dryness,  heating  s^ct,  vi. 
tbe  inspmated  residue  to  redness,  was^liiog  it  witli  water  to 
extract  the  salts,  drying  it,  and  then  raising  it  gradually  in 
stone-ware  retorts  to  the  greatest  intensity  of  lieaL  It  was 
disgustingly  tedious,  very  expensive,  and  yielded  but  a  sinaU 
quantity  of  protluce.  The  celebrated  Margraf,  who  informs 
10  that  he  had  devoted  hitnself  at  a  very  early  period  to  the 
iDTesttgation  uf  phosphorus,  soon  after  {lufilished  a  niucli  more 
expeditious  and  productive  process  ;  for  the  first  liint  of  whicli 
he  was  indebted  to  Henkel.  It  consisted  in  mixing  a  salt 
ccnnisting  chiefly  of  lead  w4th  the  inspissated  urine.  He  even 
found  that  urine  contained  a  peculiar  salt,*  which  yielded 
phosphorus  when  heated  with  charcoal.t 

In  the  year  1769,  Gahn  discovered  tliat  phosphorus  is  con- 
tauDed  in  bones;:}:  and  Scheele,  very  soon  after^  iin'ented  a 
proce^  for  obtaining  it  from  them.  Phosphorus  is  now  generally 
procured  in  that  manner.  The  process  described  in  the  begin- 
Bing  of  ihia  section  is  that  of  Foureroy  and  VaucpieHn.  The 
nsoal  process  followed  by  manufacturers  of  phosphorus  is  an 
traproTement  on  that  of  Scheele. 

Soon  after  the  discovery  of  phosphorus,  many  experiments 
on  it  were  matie  by  Skre  and  Boyle.  Hoffman  published  a 
cKfisertation  on  it,  containing  some  curious  facts,  in  1722;  but 
Margraf  wa%  tlie  first  who  investigated  its  effects  upon  other 
bodies^  and  ^  the  nature  of  tlie  combinations  wliieh  it  forms. 
The  subject  was  resumed  by  Pelletier,  and  continued  with 
much  industry  and  success*  Lavoisier's  experiments  were  still 
more  importimt,  and  constitute  indeed  a  memorable  era  in 
chemical  science^ 

Many  important  experiments  on  phosphorus  have  been  made 
stiU  more  lately  by  Davy,  and  by  Gay-Lussac  and  Thenand. 
Thenard}  and  Vogel|]  have  made  researches  on  the  red  powder 
which  remains  when  phosphorus  is  burnt,  and  upon  the  changes 
produced  on  it  by  the  action  of  light.  Dulongf  and  Ber/elius*^* 
hare  examined  its  combinations  with  oxygen;  while  Dumasf  f 

[*  Koowo  at  that  time  by  the  name  of  fusible  ^t  of  anne,  now  called 
:  of  ammonia. 
MnceL  BeroEln,  1740,  vi,  54;  and  Mem.  Acad.  Berlin,  1746,  p.  84; 
Margrars  Opusc.  i.  30. 
'  t  Berg:maf)*a  Katc«  on  Schefler,  p.  208.     I  quote  the  etiition  of  i7&6. 
f  Ann.  tie  Chini,  ulxvI  109.  |]  Ibid.  xxxv.  225. 

%  Asm.  de  Chim.  ct  de  Phys.  ii,  141.        ♦•  Ibid.  pp.  161>  219,  and  329. 

Ibid  xsni.  na. 
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and  Rose»  have  made  important  experiments  on  the  gaseous 

compounds  of  ])hospliorus  and  hydrogen* 

1.  Phosphorus  is  usually  of  a  light  amber  colour  and  semi- 
transparent;  though  when  carefully  prepared  it  is  nearly 
colourless  and  transparent.t  When  kept  some  time  in  neater, 
it  becomes  opaque  externally,  and  then  lias  a  great  reseniWance 
to  white  W3X,  Its  consistence  is  nearly  tliat  of  wax.  It  may 
be  cut  with  a  knife,  or  twisted  to  pieces  with  the  fingers.  It 
is  insoluble  in  water.  Its  mean  specific  gravity,  as  determined 
in  my  laboratory,  is  1*748. 

2.  It  melt%  according  to  Pelletier,  when  heated  to  99**4 
In  my  trials  I  found  that  a  temperature  of  108*^  was  requisite 
to  produce  com]>lete  fusion.  Care  must  be  tiiken  to  keep 
phosphorus  under  water  when  melted ;  for  it  is  so  combustible, 
that  it  cannot  easily  be  melted  in  the  open  air  without  taking 
fire.  When  phosphorus  is  newly  prepared,  it  is  always 
dirty,  being  mixed  with  a  quantity  of  charcod  dust  and  other 
impurities.  These  impurities  may  be  separated  by  melting  it 
under  water,  and  then  squeeziug  it  through  a  piece  of  clean 
shamois  leather.  It  may  be  formed  into  stielcs,  by  putting  it 
into  a  glass  funnel  with  a  long  tube,  stopped  at  the  bottom 
with  a  cork,  and  plunging  the  whole  under  warm  water.  The 
pttosphorus  melts,  and  assumes  the  shape  of  the  tube.  When 
cold,  it  may  be  easily  pushed  out  with  a  bit  of  wood. 

If  air  be  excluded,  phosphorus  evaporates  at  219"^,  and  Ijoils 
at  .554**.§  M.  Mitchelrieh  finds  that  phosphorits  may  be  dis- 
solved in  the  phosphuret  of  stilphur  which  remains  liquid  at 
common  teinj>eratures.  If  the  ]iliosphorus  l>e  dissolved  in  this 
liquid  by  the  tissiu^tanee  of  heat,  it  t-rystiillizes  as  the  solution 
cools,  mid  forms  large  reguhir  dodecahetbons  witliout  any 
nioditicfition.|| 

0.  Pluispliorus  m  dissolved  in  a  small  proportion  l>y  aleoliol, 
ether,  and  oils.  The  solutions  are  tnuisparent.  When  tlie 
alcohol  or  ether  is  mixed  with  water,  the  phos])horus  separates 


♦  Poggendorrs  Aimaleii.  der  Pli>sik.  xiv.  183;  ami  Aon.  de  Chim.  et  de 
Phys.  xxxiv.  I7t>.  xxxv.  212- 

t  Thenard  infonns  us  that  when  melted  and  then  suddenly  cooled,  it 
Iwcoiiies  quite  black.  But  again  resumes  its  original  appearance  when  kept 
melted  for  a  short  time.  Ann.  de  Cliim.  Ixxi.  p.  10!?»  There  seems  to 
have  l>een  fsotnethini^  peculiar  about  the  phosphorus  which  he  employed. 

I  Jour,  de  Phys.  xxxv.  380. 
§  Pelletier,  Jour,  dc  Phys,  xxxv.  381. 

II  Ann.  de  C'lntn.  ct  de  Phys,  xxiv.  270. 
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I  the  surface  of  the  liquid.  When  the  oily  solu-  ««*-  vt 
^horus  iH  poured  upon  paper  and  carried  into  a  dark 
room,  it  shined  vividly,  provided  the  temperature  be  above  60*, 
But  at  lower  temperature  tl»e  light  is  scarcely  perceptible, 
Wlien  sticks  of  phosphorus  are  kept  in  water,  tliat  liquid  is 
tlowly  decomposed,  an  acid  of  phosphorus  being  formed^  and 
phoii^phuretted  hydrogen  gas  evolved.* 

4,  Wlien  used  internally,  it  is  poisonous.f  In  very  small 
•gmuitities  (as  one-fourth  of  a  grain),  when  very  minutely 
tfi-ided,  it  is  said  by  Leroi  to  be  very  efRcacious  in  restoring 
and  establishing  the  force  of  young  persons  exhausted  by  sen- 
indulgence  ;X  that  is,  I  suppose,  in  exciting  tlie  venereal 
ptite. 
IL  Phosphorus  has  the  property  of  combining  with  oxygen  ^yt'J^JjJI^' 
forming  various  bodies  wliich  possess  acid  properties. 
of  these  have  been  distinguished  by  particular  naines, 
namely, 

1.  Pliosphoric  acid, 

2.  Phosphorous  aeid, 

3.  Phosphatic  acid, 

4.  Hypophospliorous  acid. 
1.  Wlicn  phosphonLs  is  exposed  to  the  atmosphere,  it  emits 

a  white  smoke,  which  lias  the  smell  of  garlic,  and  is  kmiinous 
in  the  diirk.  This  smoke  is  more  abundant  the  higher  the 
tempemture  is,  and  is  occasioned  by  the  gradual  combustion  of 
the  phcHphoms,  whicli  at  last  disappears  altogether. 

^,  When  a  bit  of  phosphorus  is  put  into  a  glass  jar  filled 
with  oxygen  gjis^  part  of  the  pliosphorus  is  dissolved  by  the  gas 
ai  the  temperature  of  60'*:  but  the  phosphorus  does  not  become 
lomijious  unless  its  temperature  be  raised  to  BO^^.J  Hence  we 
leuHf  that  phi>sphorus  bums  at  a  lower  temperature  in  common 
jiir  than  in  oxygen  gas.  This  slow  combustion  of  phosphorus, 
at  the  common  temperature  of  tlie  atuKisphere,  renders  it  neces 
larj''  to  keep  phosphorus  in  phials  filled  with  water. 
Iter  should  be  previously  bniled  to  expel  a  little  nh 

liquid  usually  contains.     I'he  phials  should  be  kept  in  a 

place ;  for  when  phosjjhorus  is  exposed  to  the  light,  it 

1  becomes  of  a  white  colour,  which  gradually  changes  to  a 

brown* 

3.   WTien  heated  to  148*',  phosphorus  takes  fire  and  burns 

•  Philips,  Annals  of  Philosophy  (2d  series),  v»  470* 
f  Ann.  dc  Chim.  utni.  87.  |  Nicholson's  Journal,  in.  65, 

»  f  Fdurcroy  And  Vauqudin,  Ann.  dc  Chlui.  \xi.  106* 
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cbJiv  iL    with  a  very  bright  flarae,  and  gives  out  a  great  qaantit)'  of  «fa 
'  smoke,  which  is  ItiniinouH  in  the  dark ;  at  the  same  dat  i 

emit^  aji  odour  which  has  some  resemblance  to  thai  of  gsk 
It  leaves  no  residuum ;  but  the  white  smoke,  when  colkcK 
is  found  to  he  an  (tcid.  Stuhl  considered  this  acid  as  the 
atic.  According  to  him,  phosphorus  is  compoeed  of 
acid  and  phlogiston^  and  the  eombustian  of  it  is  merdT^ 
separation  of  phlogiston.  He  even  declareil  that,  to  me 
phosphorus,  nothing  more  is  necessary  than  to  combme  m^ 
atic  acid  and  phlogiston,* 

These  assertions  having  gained  implicit  credit,  the 
git  ion  and  nature  of  phosphorus  were  considered  as 
understood,  till  Margraf  of  Berlin  published  his 
in  the  year  1740*  lie  attempted  to  produce  pho«»}thor» 
combining  together  phlogiston  and  muriatic  acid ;  but  ili  f 
attempts  failed,  and  he  was  obliged  to  give  up  the  comhiai» 
as  impracticable.  On  examining  tlie  acid  produced  duriif  a 
combust  ion  of  phosphorus,  he  found  that  its  properti«  i^ 
very  different  from  those  of  muriatic  acid.  It  was 
distinct  substiuice.f  Tlie  nmne  of  phosphoric  arid 
to  it ;  and  it  was  concluded  that  pliosphorus  is  composed  it 
acid  united  to  pliiogiston. 

But  it  was  observed  by  Margraf,   that  phosphoric  tfl 
heavier  tlian  the  phosphorus  from  which  it  w^ts  pro<IuceJ; 
Boyle  had  long  before  sho^*ii  that  phospliorus  would 
except  when  in  contact  with  air.     These  facts  w^ere  sui 
prove  the  inaccuracy  of  the  theory  concerning  the 
of  phosphorus;  but   they   remained  themselves 
for^  till  Lavoisier  published  those  celebrated  experimenti 
threw  so  much  liglit  on  the  nature  and  compositioti  of 

He  exhausted  a  glass  globe  of  air  by  means  of  an 
mid  after  weighing  it  accin*ately,  he  filled  it  with  03 
mjd  introduced  into  it  100  grains  of  phosphorus.     Thf 
was  furnished  with  a  stop-cock,  by  which  oxygen  gns 
admitted  at  pleasure.     He  set  fire  to  the  phosphorus  l 
of  a  burning-glass.      The   combustion  was  extremelv 
accompanied  by  a  bright  flame  and  much  heat.      Large 
titles  of  white  flakes  attached  themselves  to  the  inner 
of  the  globe,  and  rendered  it  opaque ;  and  these  at  last 
so   abundant,   that   notwitlisUuiding    the    constant  suppi! 

•  StahrK  Three  HnndrcJ  Ex  pen  meats,         f  Margraf '«  Opuic- * 
I  Mem,  Par.  1778  nnti  17bO. 
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oxygen  gas  the  phosphorus  was  extinguished.  The  ^lobe, 
sifter  being  allowed  to  cool,  was  again  weighed  before  it  was 
opened.  Tlie  quantity  of  oxygen  eniphiyed  during  the  expe- 
riment Wits  ascertained,  and  the  phosphorns,  wliich  §till  remained 
unchiinged,  accurately  weighed*  The  wliite  flakes,  which 
iHrere  nothing  else  than  pure  phosplioricacid,  were  found  exactly 
9qual  to  the  weights  of  the  phosphorus  and  oxygen  which  had 
disappeored  during  the  process.  Phosphoric  acid  therefore 
mast  have  been  formed  by  the  comblnatiou  of  these  two  bodices; 
for  the  absolute  weight  of  all  die  substances  together  was  the 
Ame  after  the  process  as  before  it* 

I^voisier  drew,  as  a  conclusion,  from  his  experiments,  that 
plMnphoric  acid  is  composed  of  100  phosphorus  and  154  parts 
of  oxygen.  But  his  mode  of  experimenting  was  not  sufficiently 
preeise  to  merit  confidence. 

I.  The  be^  way  to  obtain  phosphoric  acid  is  to  decompose 
tte  calcined  earth  of  liones  by  means  of  sulphuric  acid.  The 
acid  liquor  obtaine<l  by  this  process  after  being  freed  from  sul- 
phuric acid,  is  phosphoric  acid  united  with  a  small  quantity  of 
line.  Saturate  it  witli  ammonia,  and  the  lime  will  ail  be  pre- 
cipitated in  the  state  of  pfiosphate.  Evaporate  the  litpiid  and 
set  it  a»ide.  Numerous  crystals  of  phosphate  of  ammonia  are 
ilepoaited.  Dissolve  these  crystals  lit  water;  filter  the  solu- 
tion aiid  crystallize  a  second  time.  Expose  the  phosphate  of 
aiamonia  cautiously  to  heat  in  a  pbtiiium  or  silver  crucible- 
It  soon  ineltA,  and  swells,  and  froths,  giWng  out  water  and 
ammonia.  Continue  the  heat  very  cautiously  till  most  of  the 
irater  and  ammonia  is  driven  off,  which  is  kno^vn  by  its  ceas^ 
lag  to  froth.  Tlien  niise  the  heat  to  redness,  A  transparent 
coloiirleas  liquid  is  thus  obtained,  which  on  cooling  assumes 
the  {qtw  of  a  transparent  colourless  glass.  It  is  pure  phos- 
piiorie  acid ;  the  properties  of  which  will  be  described  in  a 
mbiequetit  piu^t  of  this  work. 

There  cannot  be  the  least  doubt  that  the  atomic  weight  of 
phoiphoric  acid  is  4'5,  or  at  least  a  number  approaching 
exceedingly  near  to  it* 

From  tlie  analysis  of  pliosphate  of  barytes,  by  Berzelius,  it 
appears  that  it  is  composed  of 

Phosphoric  acid         ♦         .         4*445 
Barytes  •         .         9*5 


Sect.  VI. 


Phosphoric 


CoDftituent*. 
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ciaflp.a    While  biphosphate  of  barytes  was  found  by  him  to  be  a  com- 
pound of 

Phosphoric  acid         .         .         8*7 

Barytes  .         .         9-5 

He  found  the  constituents  of  sesquisilicate  of  barytes 

Phosphoric  acid         •         .         6'1 

Barytes  •         .         9-5* 

Now  9*5  represents  an  atom  of  barytes.     It  is  obvious  that  by 

the  first  analysis  the  atom  of  phosphoric  acid  is  4*445 ;  by  the 

second  ^  =  4-35,  and  the  third  f  ds  of  6-1  =  4-Oa     Of  these 

the  first  analysis  is  most  to  be  depended  on,  and  from  it  the 
weight  of  an  atom  of  phosphoric  acid  is  4*445. 

From  the  analysis  of  phosphate  of  lead,  by  the  same  che- 
mist, we  obtain 

Phosphoric  acid  .         •  4.45 

Protoxide  of  lead         .         .         14* 
14  is  the  atomic  weight  of  protoxide  of  lead,  and  the  atomic 
weight  of  phosphoric  acid  is  4*45. 
4  Berzelius  found  phosphate  of  soda  composed  of 
Phosphoric  acid         .         .         4*57 
Soda  .         .         4- 

The  mean  of  these  results  gives  the  atomic  weight  of  phos- 
phoric acid  4*49.  I  found  by  means  of  nitrate  of  lead  mixed 
with  neutral  phosphate  of  soda,  that  the  exact  atomic  weight 
of  phosphoric  acid  is  4*5.t 
Pyroi»hon>bo.  Mr.  Clark  observed  that  when  phosphate  of  soda  is  exposed 
to  a  red  heat  the  nature  of  the  acid  is  changed.  He  calls  the 
new  2^iApyrophospkoric  odd.  Common  phosphoric  acid  throws 
down  oxide  of  silver  of  a  yellow  colour,  and  the  salt  is  not 
neutral.  But  pyrophosphoric  acid  throws  down  oxide  of  silver 
white,  and  the  precipitate  is  neutral.  Mr.  Clark  was  good 
enough  to  give  me  a  quantity  of  his  pyrophosphate  of  soda. 
On  examining  it  I  was  surprised  to  find  that  the  atomic  weight 
of  pyrophosphoric  acid  was  precisely  the  same  as  that  of  com- 


♦  Ann.  de  Chim.  et  de  Phys.  ii.  153. 

t  The  number  3*5  which  I  gave  in  my  First  Principles,  was  derived  fipom  a 
phosphate  of  soda  which  I  had  in  my  possession,  and  which  contained  an 
add  of  that  atomic  weight  (probably  phosphorous  acid).  I  did  not  discover 
my  error  till  my  stock  of  phosphate  of  soda  was  exhausted.  On  getting  a 
new  portion  of  salt  I  found  it  to  contain  add  whose  weight  was  4*5. 
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tQOU  phoetiihoric  add  or  4*5,     This  result  hm  been  lately  eon-    swt,  vl 
firmed  by  the  regearches  of  Professor  Stromeyer,* 

2.  Pho8pliorous  acid  wa»  first  obtuiued  in  a  state  of  purit)'  |^5!?5^***''°™" 
by  Sir  H*  Davy.  Wlien  phosphorus  is  made  to  pas8  through 
corrtmve  jtubihnafef  a  liquid  is  obtained  which  wiu^  first  diisco* 
vered  by  Gay-Lussac  and  Thenard,  and  vi  liieli  Davy  si  lowed 
to  be  a  protochloride  of  phosphorus.  When  this  licpiid  is 
mixed  with  water  it  is  decomposed  and  converted  iiito  mnriatic 
add  and  phoi^phorous  acid.  The  muriatic  acid  is  driven  off  by 
a  moderate  heat,  and  pure  phosphorous  acid  remains  behind, 
combined  with  some  water^ 

Berzelius  dissolved  2'21I  parts  of  protochloride  of  phos- 
phorus in  water,  by  which  it  is  known,  thiit  the  two  constituents 
ire  converted  respectively  into  muriatic  acid  and  phosphorous 
acid  by  the  decomposition  of  a  portion  of  the  water.  He  then 
direw  down  the  muriatic  acid  by  means  of  nitrate  of  silver. 
The  fused  chloride  of  silver  weighed  (v9l5  parts^g  Now  the 
cUorine  in  6*915  of  chloride  of  silver  amounts  to  1'705, 
This  weight  of  chlorine  to  become  mnriatic  acid,  will  reqidre 
(H>474  hydrogen.     This  hydrogen  it  obtained  by  the  decom- 

atioti  of  water,  and  the  oxygen  of  the  water  weighing  (K3792 
must  have  united  with  the  phosphorusj  and  converted  it 
into  phosjAorous  acid.     But  the  phosphorus  in  the  chloride 
Wtti  2*211  —  1'705  =  0*506.     According  to  this  experiment^  comiwitioo. 
plMiipiiorous  acid  is  a  compound  of 

Phosphorus         •         •         506     or  100 
Oxygen  .         .         379-2         74*940 

This  is  in  the  proportion  of 

Phosphorus         .         .         2 


Oxvijen 


15 


Tliii  m  confirmed  by  Berzelius's  analysis  of  phosphate  of  lead 
lad  |ilio0phate  of  barjtes.     The  former  consisted  of 
Pliospliorous  acid         .         .  3*45 

Protoxide  of  lead         ,         .  14' 

Water        .         .         .         •  0*567 

While  the  latter  contained 

Phosphorous  acid         .         .         3-43 
Barytes  .         <         .         9*5 

Water  .         .         .         M93|l 


*  Abmu  de  Chim.  et  de  Phys.  xliil*  364. 

A  mibiCaDce  which  will  be  described  In  b  subsequent  section. 
Pbil  Tfsos.  1812,  p.  407.  $   Ann.  de  Chim.  et  de  Fhya,  ii.  825. 

If  Ann*  de  Chiin.  et  de  Phys.  ii.  228. 
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owp*  iL    The  atom  of  phosphorous  acid  by  the  first  analysis  is  M5;k 

tlie  second  3*43.     There  seems  no  reason  to  doubt  tbt  it 

true  atomic  weight  is  3*5.     Now  from  the  analysis  of  Ba» 

liiis,  it  appears  tliat  phosphorous  acid  is  composed  of 

Phosphorus         •         .  2 

Oxygen  .         .  1*6 

3-6 

If  2  represent  an  atom  of  phosphorus,  then  phosphonmtf 

must  be  a  compound  of 

1    atom  phosphorus         .  •  2 

1^  atom  oxygen  •  •  1-5 

as 

Berzelius  has  shown  tliat  phosphoric  acid  oontuH  i 
same  quantity  of  phosphorus  that  exists  in  phosphoroas  is 
Hence  since  its  atomic  weight  is  4*5,  it  must  be  i  c* 
pound  of 

1    atom  phosphorus         •  •  2 

2^  atoms  oxygen  .  •  2*5 

4-5 

Hw^«^^  3.  Hypophosphorous  acid  was  discovered  in  1816  k  ft 
long.*  When  phosphorus  is  united  to  lime  or  barytes  it  ifl 
a  well  known  compound  csHleA  phosphuret  qflune  or  of  to* 
which  will  l)e  described  hereafter.  When  these  compoii 
are  thrown  into  water  that  liquid  is  decomposed,  two  add^c 
formed  l>y  the  combination  of  the  oxygen  of  the  water  rt 
portion  of  the  phosphorus;  while  another  portion  of  the  [t 
pliorus  unites  to  the  hydrogen  and  flies  off  in  the  state  of? 
The  two  acids  are  the  phosphoric  and  hypophosphorous*!^ 
of  which  combine  witli  the  lime  or  barytes,  forming /AJk^ 
and  hypophosphite  of  lime  or  barytes.  The  first  of  theses^' 
insoluble  in  water ;  but  the  second  dissolves  in  that  lifii 
M.  Dulong  ])ut  a  quantity  of  phosphuret  of  barytes  into** 
After  the  evolution  of  phosphuretted  hydrog'en  gas  vastf' 
end,  he  Altered  the  liquid.  It  then  contained  a  quantb* 
hypophosphite  of  barytes  in  solution.  Into  this  soludoi 
dropt  cautiously  sulphuric  acid  as  long  as  any  precipitafti^ 
By  this  means  he  threw  down  the  whole  of  the  barytes  i 
adding  any  excess  of  sulphuric  acid.     Tlie  clear  UquidWl 

*  Ann.  de  Chim.  ct  de  Phys.  ii.  14|. 
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ieeanted  off  consisted  of  a  solution  of  hypopliosphorous  acid  in    8«i,  vl 
i¥ater,  ^ 

M.  Hone  give^  the  following'  formula  for  preparing  tliis  acid,  Fotmitiooot 
wliieli  be  conjtiders  as  preferable  to  fliat  of  Dnloiig.  A  quan- 
tity of  barytes  is  put  into  water  together  with  some  phojsphonis, 
Euul  the  nnxture  boiled  Phospliuretted  gvm  is  given  out,  and 
bypopbosphite  of  harytes  formed  in  the  UquhL  AVlien  the 
procefls  is  terminated,  the  liquid  is  filtered  and  then  mixed  with 
an  excess  of  sulphuric  acid.  The  sulphate  uf  Ijarytes  formed 
b  separated  by  the  filter,  and  the  liquid  in  placed  in  contact 
with  carbonate  or  oxide  of  lead<  The  sulphate  of  lead  formed 
r«mainM  insoluble  ;  but  the  hypophospbite  of  lead  is  dissolved. 
The  liquid  h  again  filtered  and  exposed  to  the  action  of  a  cur- 
rent of  sidphuretted  hydrogen  gm.  The  lead  falls  down  in  the 
itate  of  sulphuret,  and  the  bj-^phosphorous  acid  remains  in  the 
ipater  in  an  ins^ulated  state* 

Duloiig  endeavoured  to  determine  the  composition  of  this  campoiitkin. 
ncid  by  converting  it  into  phosphoric  acid  by  the  action  of 
chlorine.  The  qmmtity  of  phosphoric  acid  formed,  and  the 
proportion  of  chlorine  necessary  to  induce  the  change,  gave 
dm  the  data  from  which  Ids  conclusions  were  dravv^.  He 
Stained  as  a  result  that  this  acid  h  composed  of 

Phosphorus  .  ,  100 

Oxygen  .  .  36-a 

f  we  turn  these  numbers*  into  atoms,  we  have 

1  atom  phosphorus         .         «         2 


I  atom  oxygen 


0-75 


2-75 


r  (to  get  rid  of  the  |ths  of  an  atom  of  oxygen)  of 

2    atoms  phosphorus         .         .         4 
I  l^  atom  oxygen  •         .         1*5 

n  the  former  case  the  atomic  weight  \*nll  be  2*75 :  in  the  lat- 
*r  ii-5.  As  none  of  the  hy]j op hosp bites  has  been  subjected  to 
nalysii^  we  cannot  determine  which  of  these  numbers  is  the 
rue  one. 

But  Dulong  is  uncertain  whether  hj^jophosphoroiis  acid  may 
ot  also  contain  hydrogen.  It  is  obvious  that  we  would 
btain  the  same  constituents,  if  we  were  to  consider  it  as  a 
ompound  of  1  atom  phosphoric  acid  and  1  atom  phosphuretted 
ydrogen. 

I.  H 
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ci»p*  iL    The  atom  of  phosphorous  acid  by  the  first  analyms  is  9^;b 

the  second  3'43.     There  seems  no  reason  to  doubt  tbc  tii 

true  atomic  weight  is  3-5.     Now  from  the  analysis  of  Ba» 

lius,  it  appears  that  phosphorous  add  is  composed  of 

Phosphorus         •         •  2 

Oxygen  .         .  1*6 

3-6 

If  2  represent  an  atom  of  phosphorus,  then  phosphorovid 

must  be  a  compound  of 

1    atom  phosphorus         .  •  2 

1^  atom  oxygen  .  «  1*5 

as 

Berzelius  has  shown  tliat  phosphoric  acid  contiiiii 
same  quantity  of  phosphorus  that  exists  in  phoqphomM  tf 
Hence  since  its  atomic  weight  is  4*5,  it  must  be  a  ct 
pound  of 

1    atom  phosphorus         •  •  2 

2J  atoms  oxygen  .  .  2-5 

4-5 

SiS^^d  ^*  Hypophoaphorous  acid  was  discovered  in  1816  bf  ft 
long.*  When  phosphorus  is  united  to  lime  or  barytes  k 
a  well  known  compound  calleA  phonphuret  of  lime  or  of  baf 
which  will  be  described  hereafter.  When  these  coi 
are  thrown  into  water  that  liquid  is  decomposed,  two  acvv^ 
formed  by  the  combination  of  the  oxygen  of  the  wateririt 
portion  of  the  phosphorus;  while  another  portion  of  tliefi^ 
pliorus  unites  to  the  hydrogen  and  flies  off  in  the  state  of? 
^JThe  t\^'o  acids  are  the  phosphoric  and  hypophosphorous.  i<c 
of  which  combine  with  the  lime  or  barytes,  forming  [Aoif^ 
and  hj/jx)phosphite  of  lime  or  barytes.  The  first  of  these  afej 
insoluble  in  water ;  but  the  second  dissolves  in  that  lifi 
M.  Dulong  jnit  a  quantity  of  phosphuret  of  barytes  into 
After  the  evolution  of  phosphuretted  hydrog^en  gas  wm<> 
end,  he  filtered  the  liquid.  It  then  contained  a  qnantnri 
hypophosphite  of  barytes  in  solution.  Into  this  solutki 
dropt  cautiously  sulphuric  acid  as  long  as  any  precipilateii 
By  this  means  he  threw  down  the  whole  of  the  barytes  vi^i 
adding  any  excess  of  sulphuric  acid.     The  clear  Uquid  ks 

*  Ann.  de  Chini.  ct  de  Phys.  ii.  141. 


phOTOUf  acid. 
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ited  off  consisted  of  a  solution  of  hypopho^pfiorous  acid  in    *«^.  vi. 


M,  Rose  gives  the  foliowing^  formula  for  preparing  tliis  acid,  Fammtion  of. 
jch  he  considers  as  preferable  to  that  of  Dulong*.     A  quan- 
tit)^  of  harytes  is  put  into  water  together  with  some  phosphorus, 
and  the  mixture  boiled.     Phosphoretted  gas  i§  given  out,  and 
hypophosphite  of  harytes  formed  in  the  liquid.     When  tlie 
process  is  tenninated^  the  liquid  is  filtered  and  then  mLxed  with 
«B  excsess  of  sulphuric  acid.     The  sulpliate  of  barytes  formed 
b  iiefiamed  by  tlic  filter^  and  the  liquid  h  placed  in  contact 
with  carbonate  or  oxide  of  lead.    The  sulphate  of  lead  formed 
f^watinf*  insoluble ;  but  the  hypophosphite  of  lead  is  dissolved. 
The  Hquid  is  again  filtered  and  expos^ed  to  the  action  of  a  ciir- 
mitef  sulphuretted  hydrogen  gas*     The  lead  falls  down  in  the 
iiato  ef  snlphuret,  and  the  h}q^ophosphorous  acid  remains  in  the 
fai  an  insiilated  state, 
Dttlong^  endeavoured  to  determine  the  composition  of  this  compMition 
"iicid  by  converting  it  into  pliosphoric  acid  by  the  action  of 
chlorine.     The  quantity  of  phosphoric  acid  formed,  and  the 
proportion  of  chlorine  necessary  to  induce  tlie  change,  gave 
tarn  Ike  data  from  which  his  conclusions  were  drawn.     He 
9  a  result  that  this  acid  is  composed  of 
Phosphorus         .         .         100 
Oxygen  .         .  06-3 

If  we  lura  these  numbers  into  atoms,  we  have 

1  atom  phosphorus         ,         ,         2 


ion. 

i 


f  atom  oxygen 


0-75 


2-75 


(to  get  rid  of  the  fths  of  an  atom  of  oxygen)  of 
2    atoms  phosphorus         .         .         4 
l^  atom  oxygen  .         .         TS 


5*5 
the  fbfTiier  case  the  atomic  weight  will  be  2*75 ;  in  the  lat- 
ter 5*5.     As  none  of  tlie  liypophospbites  has  been  subjected  to 
analym,  we  cannot  determine  which  of  these  numbers  is  the 
tntf*  one. 

But  Do  long  is  uncertain  whether  hypophosphorous  acid  may 
not  also  contain  hydrogen.  It  is  obvious  that  we  would 
obtain  the  same  constituents,  if  we  were  to  consider  it  as  a 
compound  of  1  atom  phosphoric  acid  and  1  atom  phosphuretted 
hydrogen. 

1.  R 
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Ctepi.  It  PlMMphonu.  Oxfgea, 

For  phosphoric  add  consists  of  1  atom  +  2j^  atoms 

Hydrogen. 

and  phosphuretted  hydrogen  of  1  -f  1    atom* 

This  would  resolve  itself  into 

'  Phoq>horut.  Oxygen. 

1  atom  hypophosphorous  acid,  2  atoms  +  H  atom 

Hydrogen  • 

1  atom  water,  1  atom    +  I    atom. 

I  consider  this  last  view  of  the  subject,  which  would  remove 
the  anamoly,  as  the  most  likely  to  be  the  true  one. 

4.  When  phosphorus  is  exposed  to  the  air  arranged  in  the 
inside  of  a  fiinnel  with  a  capillary  beak,  it  gradually  absorbs 
oxygen  and  moisture  from  the  atmosphere,  and  a  liquid  drops 
from  the  funnel,  which  may  be  collected  in  a  proper  vessel.  It 
has  an  acid  taste,  and  the  smell  of  garlic;  and  was  at  first  con- 
sidered as  phosphorous  acid.  Dulong  first  showed  that  it  was 
not  phosphorous  acid.  He  gave  it  the  name  of  phosphatic  acid* 
It  has  also  been  called  hypophosphoric  acid.  Dulong  deter- 
mined its  constituents  by  ascertaining  the  quantity  of  chlorine 
necessary  for  converting  it  into  phosphoric  acid.  Thenard 
came  to  the  same  result  by  estimating  the  volume  of  oxygen 
gas  absorbed,  when  phosphorus  is  converted  into  phosphatic 
acid.  The  constituents  were  found  to  be 
Phosphorus  .  .  2 
Oxygen  .         .         2-166 

Now  we  obtain  the  same  ratios,  if  we  consider  phosphatic  acid 
not  to  be  a  peculiar  acid,  but  a  mixture  of 
2  atoms  phosphoric  acid 
1  atom  phosphorous  acid. 
The  constituents  of 

Pbotpbonis.  Oxygen. 

2  atoms  phosphoric  acid,  are  2  atoms  +  5    atoms 


1  atom 

phosphorous  acid. 

1 

+  H 

Total 

3 

+  6-6 

Now 

3    atoms  phosphorus  =z 

6 

6^  atoms  oxygen 

= 

6-5 

and  i 

lividing 

these  values  by  3,  we 

get 

Phosphorus 

2 

Oxygen 

. 

2166 

Numbers  representing  the  constitution  of  phosphatic  acid. 
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pon  the  whole  then  it  seems  efitahlislied  that  the  atomic    ^****  ^** 
ight  of  phosphorus  is  *2,  and  that  it  forms  two  acids  with 
oxygen;  namely,  the  phosphoric  and  phosphorous,  the  constitu- 
ent and  atomic  weights  of  which  are  as  follows  : 
1*  Phosphoric  acid,  1     atom  phosphorus  =  2 
2J^  atoms  oxygen      =  2'5 


4*5  =  atomic  weight, 
2.  Phosphorous  acid  of  1    atom  phosphorus  =  2 
l^  atom  oxygen         =  1'5 


3*5  =  atomic 
weight. 
Hypophosphorous  acid  h  probably  a  compound  of 


1  atom  phosphoric  acid 

1  atom  pho«phuretted  hydrogen 


Atnmic^wcight. 

4-5 
2-125 


6^B*25 


Wliile  phosphatic  acid  is  a  mixture  of 
2  atoms  phosjdioric  acid 
I  atom  pliosphorous  acid. 
But  it  y  proper  to  mention  that  M,  II,  Rose,  by  experi- 
BeriU  which  appear  to  be  decisive,  has  shown  that  the  consti- 
tuents of  hypophosphorous  acid  are 

2  atoms  phosphorus         .         .         4 
I  atom  oxygen  .         .         1 


So  tliat  its  atomic  weight  must  be  5.^ 

5.  Though  pure  phosphorus  does  not  take  fire  till  it  be  ^^^^^j^A^J^^ 
fcmfrd  to  148°,  it  is  nevertheless  true,  that  we  meet  with  phos- 
pborus  which  bunis  at  much  lower  temperatures.  The  heat 
of  the  hand  often  makes  it  burn  vividly ;  nay,  it  sometimes 
taloBB  fire  when  merely  exposed  to  the  atmosphere.  In  all  tljese 
CMes  the  phosphorus  has  undergone  a  change.  It  is  believed 
at  present,  that  this  increase  of  combustibility  is  owing  to  a 
l«Ball  quantity  of  oxygen  \intli  which  the  phosphorus  has  com- 

aecL  Hence,  in  this  state,  it  is  distinguished  by  tlie  name  of 
orule  of  phosphi^rus*  When  a  little  phosphorus  is  exposed  in 
m  long  narrow  glass  tube  to  the  heat  of  boiling  water,  it  con- 

•  Aon.  de  Chim.  et  de  Phvs,  xxxv.  i29. 
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<^*»i?'  I*-  tiimee  moderately  luminous,  and  ^adtmlly  rises  up  m  the  state 
of  a  white  vapour,  wliidi  lines  the  tube.  This  vapour  is  the 
oxide  of  pliosphorus,  Tliis  oxide  has  the  appearance  of  fine 
white  flakes,  which  cotiere  together,  and  is  more  bulky  than 
the  original  phosphorus.  When  sliglitiy  heated  it  takes  fire, 
and  burns  brilliantly-  Exposed  to  the  air  it  attracts  moisture 
with  avidity,  and  is  converted  into  an  acid  liquor.*  When  a 
little  phosphorus  is  thus  oxidized  in  a  small  tin  box  by  heating 
it,  tlie  oxide  acquires  the  property  of  taking  fire  when  exposed 
to  the  air.  In  this  state  it  is  often  used  to  light  candles  under 
the  name  of  phosphoric  matches :  the  phosphorus  being  some- 
times mixed  with  a  little  oil,  sometimes  with  sulphur* 

When  phosphorus  is  long  acted  on  by  water,  it  is  covered  at 
last  with  a  white  crusty  which  is  also  considered  as  an  oxide  of 
phosphorus;  but  it  dilfers  considerably  irora  the  oxide  just 
described.  It  is  brtttlej  less  fusible,  and  much  less  combustible 
than  phosphorus  itself.t  Phosphorus,  wlieu  new^ly  prepared, 
usually  contiuns  some  of  tliis  la»it  oxide  of  phosphorus  mixed 
with  it;  but  it  may  be  easily  sepanited  by  plunging  the  mass 
into  water  heated  to  about  1 08^.  Tiie  phosphorus  meltJ*,  while 
the  oxide  remains  uncliangedj  and  swims  upon  the  surface  of 
the  melted  phosphorus. 

The  red  suf>stance  formed  when  phosphorus  burns  in  a  con- 
fined place,  and  wLich  remains  beliiud  after  combustion  in 
glass  jars,  is  also  considered  as  an  oxide  of  phosphorus.  All 
these  bodies  contain  very  little  oxygen. 

III.  Phosphorus  has  tlie  property  of  uniting  in  tw^o  propor- 
tions with  chlorine^  and  of  forming  two  compounds,  which 
have  recei\'etl  the  names  of  sesqiUcMoride  and  perchloride  of 
phosphorus4 

1,  When  phosphorus  is  introduced  into  chlorine  gas  it  takes 
fire  and  horns  with  a  pale  bluish  white  flamcj  giving  out  but 
little  light.  A  white  matter  sublimes  and  coals  the  inside  of 
the  glass  veiiseL  If  the  quantity  of  pbosphonis  be  considera- 
ble there  is  formed  at  the  same  time  towards  tlie  entl  of  the 
combustion  a  small  quiuitity  of  liquid.  The  combustion  of 
phosphorus  in  chlorine  had  been  repeated  a  great  ruimber  of 
times  by  almost  every  chemist  ever  sijice  the  discovery  of 

•  Steinacher,  Ann.  de  Cliim,  xlvii.  104.  f  Ibid, 

^  $if  II.  D^vy  hafi  given  to  ihcae  bodies  the  names  of  phosphorane  tatd 

pkofpbnrana.     But  his  nomenekture  has  not  been  adopted  by  chemists. 

See  Phil.  Tmns.  1812,  p.  412, 
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cUofiiM  gas.     But  nobody  thought  of  examining  tiie  nature    SMt.vt 
of  the  products  till  Sir  H,  Da\^^  ad\'anced  the  theory  that 
chloriiie  is  a  simple  body. 

2*  The  sesgmchloride  of  phosplKWNs  \vm  first  prepared  in  S^.*^'*^^*"* 
quantities,  and  examined  by  Gay-Lussac  andThenard.*  Rut 
Davy  first  ascertained  it*  constituent  part%*f  It  is  easily  ob- 
tained by  passing  phosphorus  through  rorrawi  mhlimate  heated 
in  a  ^Ias9  or  porcekun  tube.  The  method  is  to  take  a  glass 
tube  shttt  at  one  end,  to  put  into  its  iMJttom  a  quantity  of  phos- 
pbonta,  and  then  to  fill  up  a  considerable  f»art  of  the  tube  with 
corrosive  sublimate.  Ht'at  the  portion  of  the  tulie  containing 
the  fiubliinat^  ;  then,  by  applying  a  few  bit8  of  red-hot  charcoal 
to  the  extremity  of  the  tube,  cau«e  the  phosphorus  to  pass  in 
vapour  through  the  sublimate.  A  bent  tube  must  be  luted  to 
tlie  other  extremity  of  the  glasn  tube,  which  must  pass  into  a 
proper  receiver.  A  liquid  collects  in  this  receiver,  which  is 
the  tttrnjuichioride  of  phosphorus. 

Tlus  liquid  \a  colourless  like  water,  smokes  strongly  when 
it  comes  into  the  atmosphere,  and  has  an  acid  and  vtTy  caustic 
taste.  Its  specific  gravity  is  1-454  ^t  ^^y  '^^  Itept  in  close 
ritfaout  alteration.  But  in  the  open  air  it  i*  s|)eedily 
,  leaving  behind  it  a  quantity  of  phosphorus.  It  has 
the  property  of  dissolving  phosphorus*  When  paper  is  cli|iped 
talo  this  Solution  and  exposed  to  the  air  it  speedily  evaporates, 
Igaring  a  quantity  of  phosphorus  which  soon  tiikes  fire  and 
bums  the  paper.  It  was  in  tliis  state  that  it  uus  first  obtained 
Gfty*-Lussac  and  Thenard.  \Mjen  dropped  into  water  it 
\  eoHTerted  into  muriatic  and  phosphoroiLs  OL-ids.  Tina  liquid 
evaporation  furnishes  a  thick  fluid,  which  crystallizes  on 
sling  and  forms  transparent  parallelopipeflons.  These  crys- 
are  compound**  of  phosphorous  acid  and  water.  When 
Bjr  are  dtstilled  in  close  vessel*  they  give  out  a  gas  which 
I  ft  iMHiipound  of  hydrogen  and  phosphorus.  Phosphoric  acid 
Jfii  behind  in  the  retort.  From  Davy's  experiments  it 
s,  that  these  crystals  are  composed  of  4  parts  pliosphorous 
i^nA  1  part  of  water.J  He  endeavoured  to  ascertain  the 
coEnp<i$ttion  of  sesquichloride  of  phosphorus  by  dissolving  a  con-tituwiti. 
;ivcn  quantit)^  of  it  in  unter,  and  throwing  down  the  muriatic 
id  formed  by  means  of  nitrate  of  silver.  1*3'G  grains  of  ses- 
liebloride  treated  in  this  way  gave  43  grains  of  horn  silver.  [| 

•  Rccherche8  Phi,sico-chimiques,  li.  OS,  17G. 

t  Phil.  Tnina.  1812,  p.  406.  |   Dftvj-.  Ibid. 

f  DiTy.  lt>ia.  p.  ♦OS.  11  Ibid.  p.  40t. 
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cimp.  II.     }^ow  43  grains  of  horn  silver  contain  10*6  grakn  of  cUflrk 
Hence  the  chloride  is  composed  of 

Chlorine  .         .  4*5 

Phosphorus         •         .  1*26 

Berzelius  likewise  has  given  us  an  analysis  of  tkis 
of  phosphorus,  made  precisely  in  the  same  way  as  IkcfffL  ft 
found  its  composition  to  be  as  foUows  :* 

Chlorine  .         •  4*5 

Phosphorus         .         •  1-335 

But  he  has  since  satisfied  himself  that  the  true  oonstitiieBli* 
Phosphorus         .         .  2 

Chlorine  .         .  6-7698 

Now  this  is  obWously  a  compound  of 

I    atom  phosphorus  .  .  2 

1^  atom  chlorine  .  •  6-75 

8-76 

It  is  therefore  a  sesquichloride  of  phosphorus, 
atomic  weight  is  8-75. 
Ftothkiride.  3.  The  perchloridc  of  phosphorus  may  be  formed  by  \» 
ing  phosphorus  in  dry  chlorine  gas,  in  the  proportion  of 
grain  of  the  former  to  about  12  cubic  uiches  of  the  lattK  i 
is  a  snow-white  substance,  exceedingly  volatile,  rising  iti 
temperature  below  that  of  boiling  water.  Under  preflsaiei 
may  be  fused,  and  then  crystallizes  in  prisms  that  are 
parent  When  thrown  into  water  it  acts  with  great  rioloft 
die  water  is  decomposed,  and  phosphoric  acid  and 
acid  formed.  It  seems  to  possess  acid  properties,  for  its  npr 
reddens  paper  stained  blue  with  litmus,  and  bums  ito 
lighted  in  the  open  air.  When  passed  through  a  lett 
tube  with  oxygen  gas  it  is  decomposed,  phosphoric  acid  bai{ 
formed  and  clilorine  disengaged.  From  the  ezperimeBfe  i 
Davy,  to  whom  we  are  indebted  for  all  the  preceding  b/V 
follows  that  2  grains  of  phosphorus,  when  converted  btop^ 
chloride,  combines  with  13^  grains  of  chlorine.f  Henoe* 
see  that  it  is  a  compound  of  1  atom  phosphorus  and  3 
chlorine.     For 

1  atom  phosphorus  =    2 
3  atoms  chlorine      =  13*5 

15-5 

Numbers  which  approach  very  nearly  to  those  of  Davy. 
*  Ann.  de  Chim.  et  de  Phys.  iL  225.         f  Phil.  Trans.  1812,  p.  40^ 
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I     But  there  can  be  no  doubt  that  the  weight  of  chlorine  as    ^^^  ^'J- 

Pltated  by  Davy  is  a  little  in  excess.  For  M^hen  perchloride  of 
pbosphonis  is  mixed  with  water  a  double  decomposition  takes 
place,  and  tlie  whole  is  converted  into  phosphoric  acid  and 
muriatie  acid.  Now  the  phosphorus  to  become  phosphoric 
acid  must  have  combined  with  2 J  atoms  of  oxygen,  2^  atoms 
of  hydrogen  must  have  been  disengaged  and  have  formed  mu- 
liatie  add  by  combining  with  2^  atoms  of  chlorine.     The  comp«iUoi*, 

perchloride  of  phosphf>rus  then  must  be  a  compound  of 

K  I    atom  phosphorus         .         .  2 

^  2 J  atoms  chlorine  <         •         11 '23 

I  13-25 

piud  its  true  atomic  weight  must  be  13-25. 

'     IV.  Balard  has  shown  that  bromine  unites  witli  phosphorus  in  Bromidei. 

twa  proportions,  forming  a  protobromide  which  is  liquid,  and 
La  perbromide  which  is  solid. 

I  Mlien  dry  phosphorus  is  dropt  into  bromine  in  a  glass  tube 
pie  action  is  very  violent,  heat  and  light  being  evolved.  An 
kxplosion  sometimes  takes  place,  and  the  whole  contents  are 
Idriren  out  of  the  tube*  It  is  best  therefore  to  make  the  mix- 
time  af  these  two  bodies  upon  a  small  scale.  Two  compounds 
wre  formed ;  namely,  a  solid  body  which  sublimes  and  crystal- 
Bbes  in  the  upper  part  of  the  vessel,  and  a  liquid  which  occu- 
Bpics  the  under  part  of  tlie  vessel*  The  former  contiiins  most 
Kromiiie.  For  the  liquid  may  by  tlie  addition  of  bromine  be 
F^^nTerted  into  the  solid. 

1,  The  liquid,  to  which  Balard  has  given  the  name  of  pro- 
m^lobrwnide  of  phosphorus^  does  not  lose  its  fluidity  when  cooled 
Mown  to  10°"5.     It  very  slightly  reddens  litmus  paper,  owing 
Epn>bftbly  to  the  presence  of  a  little  water  in  the  materitils 
^from  which  it  was  prepared.     It  is  very  volatile  and  emits 
pungent  vapours,  when  left  in  an  open  vessel.     It  is  capable 
of  dissohnng  an  excess  of  phosphorus*     Hence,  when  dropt 
I  upon  paper,  and  allowed  to  evaporate,  it  sets  it  on  fire.    When 
i mixed  with  water,  great  heat  in  evolved,  and  hydrobromic  acid 
formed;  which  may  he  olitained  in  the  gaseous  state,,  if  only 
a  few  drops  of  water  be  mixed  with  protobromide.    When  the 
tiqaid  is  e\Tiporated  to  dryness,  a  slight  combustion  takes  place^ 
Lmiid  phosphoric  acid  remains.      From  this,  it  is  probable  that 
I  by  water  protobromide  of  phosphorus  is  converted  into  hydro- 
bromic acid  and  phosphorous  acid.     If  so  the  protobromide  is  a 
L  compound  of 
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c>»p."*  IJ  atom  bromine  .  •  15 

1    atom  phosphorus         .  .  2 

17 

and  its  atomic  weight  is  17.     It  would  be  a  sesqnihranletf 
phosphorus.    For 


2  atoms  sesquibromide  give  3  atoms  +  2  atons 


3  atoms  water  consist  of  d  atoms  +  3 
The  3  atoms  bromine  uniting  with  the  3  atoms  hydnpi 
would  form  hydrobromic  acid,  while  the  2  atoms  phoqika 
uniting  with  the  three  oxygen,  would  form  phosphorous  ai 
Thus  the  protobromide  would  agree  in  composition  iriA  it 
protochloride  of  phosphorus. 
Ftorbnmikie.  2.  The  solid  bromido  of  phosphorus  has  a  yellow  obi 
Wlien  slightly  heated  it  melts  into  a  red  liquid,  whiAgff 
out  vapours  having  the  same  colour.  When  these 
are  condensed  they  crystallize  in  long  needles.  Bat  ih 
the  fused  bromide  is  allowed  to  cool  it  forms  rhomboiddiav' 
tals,  the  angles  of  which  have  not  been  measured. 

The  metals  decompose  this  bromide,  producing 
and  probably  phosphurets.  When  left  in  an  open  tomIi 
exhales  dense  and  pungent  vapours.  When  mixed  withniv 
a  double  decomposition  takes  place,  hydrobromic  add  si 
phosphoric  acid  being  formed.  It  is  obvious  from  this  thi 
is  a  compound  of 

2^  atoms  bromine  .  25 

1    atom  phosphorus         .         .  2 


And  that  its  atomic  weight  is  27.     For 


27 


2  atoms  bromide  contain  2  atoms  -f-  5  atoms 

Oxygm.  HydiosaiL 

5  atoms  water  contain  5  atoms  +  5  atoms. 
The  5  bromine  uniting  with  the  5  hydrogen  form  hydrobnac 
acid;  while  tlie  2  phosphorus  and  5  oxygen  form  ^ 
phoric  acid.* 

Thus  tlie  constitution  of  the  oxides,  chlorides  and  \ao^ 
of  phosphorus,  is  the  same. 

*  Balard ;  Ann.  de  Chim.  et  de  Phys.  xxxii.  373. 
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TTii^  bromides  of  pliosphorus  are  decomposed  by  chlorine ;     ****-^'* 
It  not  by  iodine.      Indeed,   the  iodides  of  phosphorus  are 
decomposed  by  bromine.     So  that  the  order  of  the  affinities 
of  tbe  supporters  for  phosphortis  is 
PhosphtyruHj 
Oxygen, 
Chlorine, 
Bromine, 
Iodine.* 
V.   Iodine  and  phogphoniB  combine  together  when  mixed,  Jo<iiii». 
with  die  evolution  of  roiieh  heat;  but  no  light,  and  the  com- 
pound  al^i'ays  enters  into  a  state  of  fusion.     As  the  iodides 
fomed  have  ttie  property  of  dissolving  both  iodine  and  phos- 
pboniBi  it  is  nol  easy  to  determine  the  proportions  of  the  eon- 
ilitoeiitei     But  two  compounds  arc  easily  distinguished  by  their 
BDl  characters. 
1 1.  When  2  parts  by  weight  of  phosphorus  are  brought  in  s^quiodMc 
let  with  *24  parts  of  iodine  in  a  glass  tube,  they  unite 
widi  great  rapidity?  and  the  product  is  a  redtlish  brown  solid 
body  which  melts  when  heated  to  the  temperature  of  about 
84*,      Water  decomposes  this  compound  and  converts  it  into 
bydriodic  acid  and  phosphorous  acid.     It  must  therefore  have 
a  compound  of 

l\  atom  iodine  .         .         2a*625 

1    atom  phosphorus         .         .  "2 


Aod  Hs  atomic  weight  mu9t  be  25-625. 

2,  When  2  parts  by  weight  of  phosphorus  are  mixed  with  Periodiiln, 
40  parts  of  iodine,  the  combination  takes  place  with  equal  vio- 
hnem;  but  the  iodide  Is  bkek,  and  does  not  melt  till  heated  to 
lis*.  When  dissolved  in  water,  it  is  decomposed  and  con- 
verted into  hydriodic  acid  and  phosphoric  acid.  Hence  its 
eoostituenCs  must  be 

2^  atoms  iodine,         ,         .         39-376 
1  atom  phosphorus,    .         .  2 


41-375 
And  its  atomic  weight  must  be  41*375. 

;i.  We  may  also  form  a  compound  of  phosphorus  and  iodine  ptwUoOid*. 
in  the  proportion  of 

•  TtuB  u  conformable  to  the  table  in  page  49  of  this  volume.    * 
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cb«i».u.  1  atom  of  phosphorus         •  .  2 

1  atom  iodine  .         .  .        15*75 


17-75 

The  colour  of  this  compound  is  orange,  and  it  does  noCiilj 
till  heated  to  212^.  It  may  be  sublimed  unaltered,  «id^| 
dissolved  in  water  is  decomposed  into  hydriodic  and  phoifbi 
ous  acids,  a  little  red  coloured  phosphorus  beings  left  bdibi 
The  peculiar  properties  of  this  substance  render  it  pnUkl 
though  it  has  not  been  analyzed,  that  it  is  a  compoimdtfli 
atom  iodine,  and  1  atom  phosphorus.  "We  are  still  igDoMi 
the  analogous  oxide,  chloride  and  bromide  of  phosph 
they  will  doubtless  be  discovered  hereafter. 
Fluoride.  VL  From  the  experiments  of  Davy,  there  seems  IittkU 

that  phosphorus  may  be  combined  with  fluorine.  His 
was  to  mix  fluate  of  mercury,  or  fluate  of  lead*  with 
and  to  distil  the  mixture  in  a  vessel  of  platinum.  Tlerev 
formed  a  metallic  phosphuret  while  the  fluoride  of  phosjitfl 
was  volatilized.  It  is  a  fuming  liquid,  capable  of  tddif  6 
and  burning  in  oxygen  gas.  When  mixed  with  watefii 
decomposed  and  converted  into  hydrofluoric  acid  and  fk 
phorous  acid.  Hence  it  must  have  been  a  compound  of 
1.}  atom  fluorine  .  .  3*375 

1    atom  phosphorus  .  .  2 


5-375 

And  its  atomic  weight  must  be  5*375.  It  is  therefore!^ 
quifluoride,  and  quite  analogous  to  the  similar  compooni 
phosphorus  with  oxygen,  chlorine,  bromine,  and  iodine. 

VII.  Phosphorus  combines  witli  hydrogen  in  varions  p* 
portions;  two  of  which,  distinguished  by  the  names  of^ 
phuretted  hydrogen  and  hydrophasphoric  ffasy  have  beenp 
ticularly  examined. 
PhoiphuTet.  1,  Phosphurettcd  hydrogen  gas,  the  first  of  these  compwi* 
was  discovered  in  1783  by  M.  Gengembre,  while  heaW 
mixture  of  liquid  potash  and  phosphorus  in  a  small  K^ 
He  made  some  experiments  on  this  remarkable  gas,  andp* 
ILslied  an  account  of  its  properties.^  Some  experiments 
made  upon  it  in   1786  by  Mr.  Kirwan,:f  who  discoveKi 

*  There  is  little  doubt  that  these  salts  are  in  resklity  Jluonda  qf^^ 
and  lead. 

•f  Memoircs  dcs  Savans  Etrangers,  x.  651. 
t  Phil.  Trans.  1786,  p.  118. 
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Wisiiout  being  aware  that  it*luid  been  already  made  known  to  ««*.  vi. 
cJjgmi.Hts  by  M.  Gengerabre.  In  1791,  M*  Raymond  pointed 
out  a  method  of  preparing  it  in  greater  qiuuitities  hy  heating 
a  mixture  of  phosphorus  and  quicklime,*  And,  in  1799,  he 
described  the  properties  of  a  solution  of  this  gas  in  water.f 
Mr,  Dalton,  in  his  New  System  of  Cheinicai  Phiiosopht/j  pub- 
lished in  IB  10,  gives  an  accoimt  of  a  set  of  experiments  to 
which  he  subjected  it  in  order  to  determine  its  nature  and 
ooafMMition4  And^  in  1816,  I  published  a  set  of  experi- 
ments which  I  had  made  on  it*5  In  18*26  an  elaborate  and 
excellent  }>aper  was  pubfehed  on  it  by  Dumas*  [|  And  about 
tlie  same  time  it  was  examined  with  much  skill  and  adikess  by 
M.  H.  Rose.f 

2.  Pbo«*phuretted  hydrogen  may  be  obtained  by  the  follow-  Howpfo- 
ing  process :  Fill  a  small  retort  witli  water,  acidulated  by 
muriatic  acid,  and  then  throw  into  it  a  qumitity  of  phosphuret 
of  lime  in  lumps.  Plunge  the  beak  of  the  retort  under  water, 
and  place  over  it  an  inverted  jar  filled  with  that  liquid.  Phos- 
pbitretted  hydrogen  gas  is  extricated  in  considerable  quantity 
and  soon  filht  the  glass  jar.  Half  an  ounce  of  phosphuret  of 
lime  j^elds  about  70  cubic  iuches  of  this  gas.  When  prepared 
by  mbcing  phosphuret  of  lime  with  water,  which  was  the  pro- 
oeaa  that  I  followed,  Dumas  has  shown  that  it  is  a  mixture  of 
pliosphuretted  hydrogen  and  pure  hydrogen  gases,  in  the  pro- 
fortion  of  about  87  volumes  of  phosphuretted  hydrogen,  and 
IS  volumes  of  pure  hydrogen  gases.  When  pliosphuretted 
hydrogen  gas  is  obtained  by  boiling  phosphorus  in  a  solution 
of  caustic  potash,  Dumas  found  the  gas  evolved  to  he  a  niLv- 
ture  ol' 

Volusne^ 

3 7' 5  phospliuretted  hydrogen 
62*5  hydrogen  gas 


100*0 


When  prepared  by  mixing  phosphuret  of  barytes  and  water, 
die  gas  evolved  was  a  mixture  of 

56*8  phosphuretted  hydrogen 
43''2  hydrogen  gas 


•  Aim*  de  Cbhn.  x.  19, 
1 1  VoL  IL  p.  457. 
I  Ann.  de  Chim.  et  de  Pbys,  %xxi, 
%  Il»d  xisiY,  no,  aod  Mxv.  212. 


U3. 


t  Ibid.  XXXV.  225* 

i  Annals  of  Philosophy,  viii.  87. 
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Chap.  11.    mon  air,  it  takes  fire  and  burns  with  great  splendcnir.    Ycti 
a  narrow  tube  it  may  be  mixed  with   oxygen  gas  widii 
undergoing  spontaneous  combustion.     But  it  is  deprived  tfi 
phosphorus  without  undergoing  any  alteration  in  its  U 
For  complete  combustion,  according   to   the   experimoid 
Dum&s,  1  volume  of  this  gas  requires  1*874  volumes  of  o^ 
gas.     The  produce  is  water  and  phosphorous  acid.    Nova! 
volume  of  the  gas  contains  1^  volume  of  hydrogen  gM^ii 
clear  that  0*75  volume  of  oxj'gen  will  go  to  the  fbimitHn 
water.  Hence  tlie  volume  of  oxygen  g^  which  comhinwM 
the  phosphorus  must  be  1*125.     Now  I- 125  volume  of  oijJ 
is  equivalent  to  2^  atoms  which  have  united  with  the  fhw 
phorus  in  a  volume  of  phosphuretted  hydrogen,  and 
it  into  phosphorous  acid.     But  phosphorous  acnd  being  as 
pound  of  1  atom  phosphorus  +  Ig  atom  oxygen,  it  is 
that  2^  atoms  of  oxygen  will  convert  1^  atoms  of  fJioqis 
into  phosphorous  acid.     Such  therefore  must  be  the 
of  phosphorus  in  a  volume  of  this  gas. 

It  is  a  law  that  holds  pretty  generally,  that  if  we 
the  atomic  weight  of  a  body  by  0-5555,  the  product  wll 
the  specific  graWty  of  the  body  in  the  state  of  vapour.  %i 
atomic  weight  of  phosphorus  multiplied  by  0-5555  gives  Mil 
which  must  be  the  specific  gravity  of  phosphorus  in  tk  fl 
of  vapour.  But  the  weight  of  the  phosphorus  in  a  volnti 
the  gas  is  1*6666.  Now  this  is  equivalent  to  a  volume 
half  of  phosphorus.  Tims  it  appears  that  phosphuretted  kji 
gen  gas  is  a  compound  of 
conititution.       1  ^  volumc  pliosphorus,  ">  united  together  and  ccmdensedii 

1^  volume  hydrogen,    5  1  volume. 

It  is  in  fact  then  a  compound  of 

1^  atom  phosphorus         .  .  8 

1^  atom  hydrogen  .  ,  0-375 


3-375 

And  its  tnie  atomic  weight,  instead  of  2-125,  is  3-I87» 
approaches  therefore  olefiaiit  gas  in  its  nature,  and  vffki^ 
various  other  combinations  of  phosphorus  and  hydnKren  s^ 
same  ratio,  but  containing  a  greater  number  of  atoms  n* 
will  be  discovered,  as  has  been  tlie  case  with  componoi 
carbon  and  hydrogen  in  the  ratio  of  equality. 

It  is  obvioas  that  1  volume  of  phosphuretted  hydngeBi^ 
burn  also  with  2*625  volumes  of  oxygen  gas,  and  be  cobw* 
into  water  and  phosphoric  acid.     0.75  of  the  oxyrai  ia  * 
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gr,  of  phosph.  h}  dr.  •         .  1-761  sea^vi. 
1^  hydrogen  gaa         •         •         0*10416 


1-65684 

From  thk  it  appears  that  phiM^hiirelted  hydrogen  h  com- 
posed ^f 

Hydroj^en  ,  .  10416 

Phosphorus         .  .  165684 

Now  these  numbers  are  to  each  other  as  0*125  to  1'988.  It 
IB  obvious  &om  thm  that  phosphuretted  hydrogen  is  a  com- 
pvmul  of 

1  atom  hydrogen  .         .         0-1*25 

1  atom  pliosphorus         .         .         2* 


2*lt25 
thai  its  atomic  weight  is  2*125.  The  reason  why  the 
itit)'  of  phosphorus  is  a  litde  under  an  atom  is  obviously 
Dumas  ha»  slightly  underrated  the  specific  gravity  of  the 
gUi,  Had  the  specifie  gravity  of  the  gas  been  1*7708^3,  then 
tlie  constituent  would  have  been  exactly  1  atom  of  hydrogen 
1  atom  of  phosphorus*  The  constituents  in  that  case 
f9uUi  be 

Phosphorus         .         .  166666  or  2* 

Hydw^eu  .         .  10416  or  0125 

I  feuod  that  wb^n  sulphur  was  heated  in  this  gas  the  bulk  was 
QOl  altercd»  though  the  gas  was  converted  into  sulphuretted 
hydrogen.  But  Dunian  has  accounted  for  this,  by  showing 
that  when  the  proportion  of  sulphur  employed  is  great,  a  por- 
dmi  of  the  gas  b  absorbed  by  the  sulplrur,  which  prevents  the 
inerease  of  volume  from  beiivg  observed.  As  1  employed  a 
great  excess  of  sulphur  this  doubtlessi  was  the  cause  why  I  did 
not  observe  any  increase  of  volume.  I  repeated  the  experi- 
ments more  lately  with  the  very  same  result ;  but  I  employed 
a  still  greater  proportion  of  sulphur  with  a  view  of  being  cer- 
teitt  thut  all  the  phosphuretted  hydrogen  should  be  converted 
into  salphuretted  hyilrogen.  Thus  the  method  taken  to  ensure 
MPOMH  was  the  cause  of  my  not  observing  the  increase  of 
Tillmo  which  would  otlierwise  have  taken  place.* 

Wlurfl  phofi^phuretted  liydrogen  comes  in  contact  with  com- 

#1  found  that  electric  sparks  caused  a  depositioa  of  phosphorus  without 
■0f  ailentfSco  in  the  volume  of  the  ga.s.  Doubtless  I  had  merely  changed 
t^  ii»  BICO  scfquihydreC  of  plmsphorus,  io  which  ca&o  Uie  volume  would 
om  hm^e  beea  altered. 
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CM»-  "•  mon  air,  it  takes  fire  and  burns  with  great  splendour.  Yet  in 
a  narrow  tube  it  may  be  mixed  with  oxygen  gas  without 
undergoing  spontaneous  combustion.  But  it  is  deprived  of  its 
phosphorus  without  undergoing  any  alteration  in  its  bulk. 
For  complete  combustion,  according  to  the  experiments  of 
Dumas,  1  volume  of  this  gas  requires  1*874  volumes  of  oxygen 
gas.  The  produce  is  water  and  phosphorous  acid.  Now  as  1 
volume  of  the  gas  contains  1^  volume  of  hydrogen  gas,  it  is 
clear  that  0-75  volume  of  oxygen  will  go  to  the  formation  of 
water.  Hence  the  volume  of  oxygen  gas  which  combines  with 
the  phosphorus  must  be  1'125.  Now  1'125  volume  of  oxygen 
is  equiv^ent  to  2^  atoms  which  have  united  with  the  phos- 
phorus in  a  volume  of  phosphuretted  hydrogen,  and  converted 
it  into  phosphorous  acid.  But  phosphorous  acid  being  a  com- 
pound of  1  atom  phosphorus  +  Ig  Btom  oxygen,  it  is  obvious 
that  ^^  atoms  of  oxygen  will  convert  1^  atoms  of  phosphorus 
into  phosphorous  acid.  Such  therefore  must  be  the  quantity 
of  phosphorus  in  a  volume  of  thi»  gas. 

It  is  a  law  that  holds  pretty  generally,  that  if  we  multiply 
the  atomic  weight  of  a  body  by  0*5555,  the  product  will  be 
the  specific  gravity  of  the  body  in  the  state  of  vapour.  2,  the 
atomic  weight  of  phosphorus  multiplied  by  0*5555  gives  1*1 1 1  i, 
which  must  be  the  specific  gravity  of  phosphorus  in  the  state 
of  vapour.  But  the  weight  of  the  phosphorus  in  a  volume  of 
the  gas  is  1*6666.  Now  this  is  equivalent  to  a  volume  and  a 
half  of  phosphorus.  Thus  it  appears  that  phosphuretted  hydro- 
gen gas  is  a  compound  of 
conttitutioo.       1  ^  volume  phosphorus,  ">  united  together  and  condensed  into 

1^  volume  hydrogen,    5  1  volume. 

It  is  in  fact  then  a  compound  of 

1^  atom  phosphorus         •         .         3 
1^  atom  hydrogen  .         .         0*375 

3*375 
And  its  true  atomic  weight,  instead  of  2*125,  is  3*1875.  It 
approaches  therefore  olefiant  gas  in  its  nature,  and  probably 
various  other  combinations  of  phosphorus  and  hydrogen  in  the 
same  ratio,  but  containing  a  greater  number  of  atoms  united, 
will  be  discovered,  as  has  been  the  case  with  compounds  of 
carbon  and  hydrogen  in  the  ratio  of  equality. 

It  is  obvious  that  1  volume  of  phosphuretted  hydrogen  will 
bum  also  with  2*625  volumes  of  oxygen  gas,  and  be  converted 
into  water  and  phosphoric  acid.     0.75  of  the  oxygen  in  this 
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also  go  to  tJie  fonnation  of  water.  Hence  1*875  volumes 
of  the  oxygen  united  to  tlie  phospliorus,  and  con^^erted  it  Into 
phosphoric  acid.  Now  1*875  volumes  of  oxygen  gas  is  equiva- 
lent to  3*75  atom^,  which  is  just  the  quantity  that  would  be 
requisite  to  convert  1 J  atom  phosphoru.s  into  phosphoric  acid, 

Pho^iphuTetted  hydrogen  gas  may  be  detonated  also  unth 
proloxide  and  deutoxide  of  azote.  The  proportions  of  these 
gtmes  requisite  for  complete  combustion,  as  determined  by  me, 
would  require  to  be  modified,  as  I  did  not  take  into  view  the 
proportions  of  hydrogen  gas  with  which  the  phosphuretted 
hydrogen  W2S  mixed.  When  deutoxide  of  azote  and  phos- 
phuretted hydrogen  gas  are  mixed  over  water,  and  a  bubble  of 
6xygen  gas  is  let  upj  a  detonation  immediately  takes  place. 

When  phosphuretted  hydrogen  gas  is  mixed  witli  chlorine 

it  bums  with  a  greenish  yellow  flame ;  and  when  the  two 

are  mLxed  in  the  proportion  of  1  volume  of  the  fonner 

3  of  the  latter,  they  disappear  entirely*  being  converted  into 
.tic  acid,  and  a  brown  matter  which  speedily  dissolves  in 
and  which  is  doubtless  a  bidiloride  of  piiosphorns, 

Wlien  iodine  is  heated  in  pbospljuretted  hydrogen  gas, 
iodide  of  phosphorus  is  formed,  Eind  probalily  hydriodic  acid; 
for  when  water  is  present  the  bulk  of  the  gas  diminishes  one- 
third. 

Water,  according  to  the  experiments  of  Dr.  Henry,  dissolves 
father  more  than  2  per  cent*  of  this  gas.  The  water  acquires 
a  yellow  colour,  an  intensely  bitter  taste,  and  a  smell  similar 
to  that  of  the  gas.  It  produces  no  alteration  on  vegettdde 
hiues,  but  precipitates  silver,  mercury,  and  copper,  from  their 
solutions  of  a  dark  colour* 

Bromine  probably  is  capable  of  decomposing  this  gas  without 
aid  of  heat.  But  iodine  produces  no  alteration  on  it  unless 
be  applied.  It  unites  readily  with  hydriodic  acid,  and 
fbnos  a  solid  white  substance  which  crystallizes  in  cubes,  and  is 
easily  decomposed  by  water.  According  to  Duma"^  this  com- 
IKMllid  consists  of  1  volume  of  hydriodic  acid  and  half  a  volume 
rf  phosphuretted  hydrogen  united  together.  Doubling  these 
roIumeSf  we  have  a  compound  consisting  of 

Ll^  atom  phosphorus 
2    atoms  iodine 
3J  atoms  hydrogen 
I 


So  that  its  atomic  weight  is  -34*9375. 


3 
31-5 
0-4375 

34-9375 
This  is  a  very  singular 
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cb»p.  II.    c!oiiipoiind,  when  we  attend  to  its  atomic  structure.     But  the 
best  way  h  to  view  it  as  a  compound  of 

1  atom  hydrioflie  aoid  .  15'B75 


atom  phosphuretted  hydrogen 


1-59375 


17-46875 
For  unless  we  consider  these  compound  bodies  to  unite  pre- 
cisely as  simple  substances,  our  views  mil  become  too  com- 
plicated for  any  purpose  of  utility- 

This  gas  wlieu  kept  very  soon  deposites  one-third  of  its 
phosphorus,  and  is  converted  into  tlie  hydro-phosphoric  gas  of 
Davy,  or  the  sesquihifdret  of  phosphorus^  as  it  ought  to  be  called, 

%  Hydro^phospkoriv  ga.%  or  sestpahi/drri  qf  phosphorus^  WUB 
first  particularly  examined  by  Sir  H,  Drvj  in  18i2»* 

He  obt^uned  it  by  heating  crystallized  phosphoric  acid*  It 
may  be  procured,  also,  by  exposing  phosphuretted  hydrogen 
to  the  direct  rays  of  the  sun,  A  quantity  of  phosphorus  is 
deposited,  and  the  gas  is  changed  ijito  scsfpdhydret  of  pho»* 
phorus. 

This  gas  is  coloin-less,  and  possesses  the  mechanical  j^roperties 
of  conunon  air.  Its  smell  is  similar  to  that  of  phosphiiretted 
hydrogen,  but  not  so  disagreeable.  It  may  be  mixed  witli 
common  air  or  oxygen  gas  ^nthout  burning  spontaneously ; 
but  M.  Houton  Labillardiere  discovered  that  combustion  takes 
place  if  the  pressure  be  diminished.  His  method  of  proceeding 
was  this,  he  mbced  the  gas  with  oxygen  gas  or  common  air  in 
a  \^olta's  eudiometer  over  mercury,  then  raising  the  eudiometer 
till  the  surface  of  tiie  mercury  mthin  it  was  about  8  inches 
higher  than  tlie  surface  of  the  mercury  in  the  trough,  detona- 
tion took  place  provided  the  temperature  was  as  high  as  68°,  If 
the  tempemture  be  lower  the  gas  must  be  still  more  rarefied 
before  combustion  will  talie  place. 

The  refmctive  power  of  this  gas,  as  determined  by  Dulong, 
is  2*G82,  that  of  air  being  l.f 

When  corrosive  sublimate  is  heated  in  this  gas  decomposi- 
tion takes  pkce,  and  a  quantity  of  muriatic  acid  is  evolved, 
equal,  as  determined  by  Dumas,  to  thrice  the  volume  of  the 
sesquihydret  decomposed.  From  this  it  l^  obvious  that  I 
volume  of  sesquiljydret  of  phosphorus  contains  a  volume  and  a 
half  of  hydrogen. 

For  complete  combustion  a  volume  of  this  gas  requires 


^  Phil.Tnini.  1812,  f>,  406.     f  Ann.  de  Chim,  et  dc  Phys.  x%%\,  167. 
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eillier  IJ  volume  or  2  volumes  of  oxygen  gas.  In  the  first  ^*^^  ^J- 
case  water  and  plmspliorous  acid,  in  tiie  otlier  Boater  and 
pho<;phorie  acid  are  fonned.  Now  U  volume  of  Ijydrogen  gns 
eonibinc  nHtli  0-75  volume  of  oxygen  to  form  water.  TJiere 
remain  to  combine  with  the  phosphorus  0'75  volume  or  1-25 
volume  of  oxygen.  But  0*7o  volume  of  oxygen  is  ef|ua]  to 
i^  atom,  while  1*25  volume  represents  2i  atoms.  Now  these 
are  the  quantities  requisite  for  converting  1  atom  of  phosphorus 
ilo  phosphorous  or  phosphnrie  acid  respectively.  We  have 
m  already  that  1  atom  of  phospjuirus  may  be  represented  by 
a  volume ;  and  that  the  specific  gravity  of  phosphorus  vapour 
b  1-1 1 1  L  It  is  obvious  from  all  this  that  a  volume  of  sesqm- 
Itydrrt  of  phosphorus  is  eompoi^etl  of 

1^  volume  hydrogen  .  ,  0*10416 

1    rolume  phosphorus       .         •  1*11111 


1-21527 
lence  the  true  specific  jg^ravity  of  this  gas  must  be  1-21527. 
Now  Dumas  took  the  specific  gravity  with  much  care,  and 
found  it  1-2 14,*  which  differs  from  the  theoretical  number  hy 
lass  than  jnVm^l'  part.  Leaving  no  doubt  about  the  accuracy 
of  <mr  determinatiim.  The  difFerence  between  phosphurettcd 
hydro^'n  and  scsquiliydret  of  phosphorus  is  that  the  lattjer  coii- 
taittn  half  a  vohime  of  phosphorus  less  than  the  funner.  This 
Iflilf  roluine  is  deposited  when  the  former  gas  is  left  standing 
OTcr  mercury  or  water.  It  seems  therefore  to  be  only  very 
looseH'  united  to  the  other  constituents. 

It  is   obvious    that  sesquihydret  of  phosphorus  is  a   com-  compoiiuon. 
posod  of 


1|  atom  hyrlrogen 
1    atom  phosphorus 


0-1 B7 


21875 

lu  aUimic  weight  is  therefore  2*  1875.     Tins  constitution  is 
taipBed  by  the  name  seiiqminjdret  of  phospimnts. 

When  mLxed  with  chlorine  gas  it  burus  spontaneously  with 
a  white  flame*  According  to  Davy,  1  volume  of  sesquihydret 
of  phos[)horns  requires  4  volumes  uf  chlorine  gas  for  complete 
E^mbustlon.  I  '5  of  these  volumes  miiting  to  the  hydrogen  go  to 
•  fiarmation  of  muriatic  acid.  The  other  2' 5  must  combine  with 
phosphorus,  aiid  form  a  percbloride  of  phosphorus  which 

•  Anil,  de  Chim,  et  de  Phys.  xxxi,  \2B. 
s 
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ChAp.  IL  would  be  speedily  converted  into  muriiitic  acid  and  phosphoric 
acid,  by  decomposing  water.  So  that  tlie  products,  in  tliis 
case,  are  precisely  the  same  as  when  phosphuretted  hydrogen 
is  burnt  in  cldoriiie. 

According  to  Dba^,  water  absorbs  ^th  of  its  volume  of  tlus 
gas.  80  that  the  absorbability  of  tliis  gas  and  olefiant  gas,  by 
water,  is  the  same. 

It  is  rapidly  absorbed  by  sulphuric  acid  to  a  considerable 
extent ;  sulphurous  acid  is  speedily  given  out  and  phosphorus 
deposited.  Most  of  the  metals  decompose  this  gas  when 
assisted  by  heat,  uniting  to  the  phosphorusj  and  setting  the 
hydrogen  at  liberty,* 

VIII,  No  compound  of  phosphorus  and  azote  has  hitherto 
been  formed.  When  phosphorus  is  allowed  to  remain  in  com- 
mon air  till  it  ceases  to  smoke,  tlie  azotic  gas  thus  evolved  has 
the  property  of  becoming  luminous  in  the  dark,  when  mixed 
with  oxygen  gas  or  common  air.  And  Berthollet  affirms  that 
Its  volume  is  increased  about  :jV>^h  part.  But  tlus  is  not  a 
chemical  compound  of  axote  and  phosphorus.  It  is  merely 
azotic  gas  in  which  a  little  phosphorus  exists  in  the  state  of 
vapourL 

IX.  Phosphorus  has  the  property  likewise  of  uniting  with 
carbon,  and  of  forming  a  compound,  called  phosphiret  of  carbon* 
Its  existence  was  first  recognised  by  M.  Proust.  He  gave  that 
name  to  the  red  substance  which  remains  when  new-made 
charcoal  is  strained  through  shamois  leather.f  It  is  not  impro- 
bable that  this  red  substance  may  frequently  contain  phosphuret 
of  carbon,  especially  as  the  same  assertion  has  been  subse- 
quently made  by  TheBard4     But  I  have  never  been  able  to 


FbHfhuret 
oTcKnien. 


•  Davy  assures  ua  that  when  sulphur  is  sublimed  in  this  gas  the  volume 
is  doubled,  and  2  volmiies  of  sulphuretted  hydrogen  gas  are  formed.  When 
potassium  is  heated  in  it,  ihe  volume  is  also  doubled*  The  potassium  com* 
bines  witli  phosphorus,  and  the  residual  gas  is  pore  hydrogen.  These  pro- 
perties do  not  agree  wkh  those  of  the  gas  extricated  by  heating  phosphattc 
acid,  or  by  allowing  phosphuretted  hydrogen  to  lose  a  portion  of  its  phos- 
phorus by  exposure.  They  would  indicate  a  gas  composed  of 
2  volumes  hydrogen  .        .        0^1388 

1  volume  phosphorus        .        .         Mill 


1-25 


Its  specilie  gravity  would  be  1*25,  and  its  atomic  weight  2  25.  It  is  nol  at 
ail  unlikely  that  such  a  gas  may  also  exist.  It  would  be  a  bihydret  of 
phosphorus. 

f  Ann.  dc  Chim.  jtxxiv.  44.  |  Ibid.  hxxi.  109- 
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find  any  such  giibstance  in  it*     The  experiments  of  Vogel    sect,  vu, 
appear  to  have  been  equally  unsuccessfutf     But  I  have  gene- 
rally  procured  it  by  the  following'  metliod, 

AUow  pbosphuret  of  lime  to  remain  in  water  till  it  has  given 
out  all  the  phosphuretted  hydrogen  gius  which  it  is  capable  of 
evolving.  Then  add  to  the  liquid  a  considerable  excess  of 
muriatic  acid,  a^tate  for  a  few  moments,  and  throw  the  wdiole 
u{K>n  a  filter.  Phosphuret  of  carbon  will  remain  npon  the 
filter-      Let  it  be  properly  washed  and  dried. 

Phosphuret  of  carbon  thus  obtained  is  a  soft  powder  of  a 
dirty  lemon  yellow  colour,  without  either  taste  or  smell.  When 
li*ft  in  the  open  air  it  very  filowly  imbibei^  moisture*  emits  the 
smell  of  cfirburetted  hydrogen,  and  acquires  an  acid  taste. 
Hence  it  decomposes  the  water  w  hich  it  absorbs,  and  its  phos- 
phorus is  slowly  converted  into  phospliorous  acid.  It  does  not 
melt  w^hen  heated  ;  nor  is  it  altered,  though  kept  in  a  tempera- 
ture higher  than  that  of  boiling  water.  It  burns  below  a  red 
heat,  and  when  heated  to  redness,  gradually  gives  out  its  plios- 
plionis.  The  charcoal  remains  behind  in  the  state  of  a  black 
matter,  being  prevented  from  burning  by  a  coating  of  phos- 
phoric acid  with  winch  it  is  covered.  When  the  powder  is  thrown 
over  the  fire  in  small  quantities  at  a  time,  it  burns  in  beautiful 
flafthes*  It  is  probably  composed  of  1  atom  phosphorus,  and  1 
atom  earbon,  or  by  weight  of 

Phosphorus         -         .         2 
Carbon  •         *         0*75 

Tlie  substance  when  distilled  gives  no  trace  of  wateT4 

X,  Nothing  is  kno^^i  respecting  the  combination  of  phos- 
phorus with  boron  or  silicon. 

SECTION  VIl. OF  SULPHUR. 

Sulphur,  distinguished  ako  by  the  name  of  brimstone,  was 
known  in  the  earliest  ages.  Considemble  quantities  of  it  are 
Joood  native,  especially  in  tlie  neighbourhood  of  volcanoes, 
it  b  procured  in  abundiince  by  subjecting  the   mineral 

lied  pffriieg  to  distillation.  The  ancients  used  it  in  medicine, 
and  it«  fumes  were  employed  in  bleaching  wooL§ 

I,  Sulphur  is  a  hard  brittle  substance,  commonly  of  a  greenish  Prepcfti«i. 

•  Twice  indeed  on  distilling  ilm  substance  I  ohtaiiied  a  residue  of  char- 
tOtL    But  I  never  could  succeed  in  obtaining  the  pbosplmrct  in  a  separate 

t  Aim-  dc  Chim.  Ixxxv,  225.  \  Annals  of  Philosophy,  viii.  157. 

i  FBbJp  lib.  xxjtv,  c.  15. 
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Chap,  a  would  be  speedily  converted  into  muriatic  acid  aiidplM| 
acid,  by  decomposing  water.  So  that  the  pTodiid%  ii 
case,  are  precisely  the  same  as  when  phosphiirettod  hji 
is  burnt  in  chlorine. 

According  to  Davy,  water  absorbs  ^th  of  its  Ychamd 
gas.     So  that  the  absorbability  of  this  gas  and 
water,  is  the  same. 

It  is  rapidly  absorbed  by  sulphuric  acid  to  a 
extent ;  sulphurous  add  is  speedily  given  cnit  and  pki|l 
deposited.  Most  of  the  metals  decsompose  this  gHi 
assisted  by  heat,  uniting  to  the  phosphorus,  and  aH&f 
hydrogen  at  liberty.* 

VIII.  No  compoimd  of  phosphorus  and  azote  liM  Ul 
been  formed.  When  phosphorus  is  aUowed  to  remamki 
mon  air  till  it  ceases  to  smoke,  the  azotic  gas  thus  evoM 
the  property  of  becoming  luminous  in  the  dark,  iriioi  ■ 
with  oxygen  gas  or  common  air.  And  BerthoDet  afian 
its  volume  is  increased  about  ^\jth  part.  But  this  u  ■ 
chemical  compound  of  azote  and  phosphorus.  It  ii  M 
azotic  gas  in  which  a  little  phosphorus  exists  in  tiie  rti 
vapourl 
552*2^**  IX.  Phosphorus  has  the  property  likewise  of  umtaf  i 
carbon,  and  of  forming  a  compound,  csMedphotgdkunicfid 
Its  existence  was  first  recognised  by  M.  Proust.  Hegtfi' 
name  to  the  red  substance  whidi  remains  when  imM 
charcoal  is  strained  through  shamois  leather .f  It  is  ml  if 
bable  that  this  red  substance  may  frequently  contain  pho^ 
of  carbon,  especially  as  the  same  assertion  has  been  i^ 
quently  made  by  Thenard.;]^     But  I  have  never  been  iK 

•  Davy  assures  us  that  when  sulphur  is  sublimed  in  this  gH  tk^ 
is  doubled,  and  2  volumes  of  sulphuretted  hydrogen  gas  are  forarf  ^ 
potassium  is  heated  in  it,  the  volume  is  also  doubled.  The 
bines  with  phosphorus,  and  the  residual  gas  is  pure  hydrogo.  1^1 
pertics  do  not  agree  with  those  of  the  gas  extricated  by  headi^  phi^ 
acid,  or  by  allowing  phosphuretted  hydrogen  to  lose  a  portioD  of  IK^ 
phorus  by  exposure.  They  would  indicate  a  gas  composed  of 
2  volumes  hydrogen  .         .         0*1388 

1  volume  phosphorus        .        .  1*  1 1 1  i 


1-25 

Its  specific  gravity  would  be  1*25,  and  its  atomic  weight  2*85.  ftii^ 
all  unlikely  that  such  a  gas  may  also  exist.  It  would  bt  ■  M}^ 
phosphorus. 

f  Ann.  de  Chim.  xxxiv.  44.  \  JM»  faoiLlil 
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Ipl  any  such  §ubstance  iii  it*  The  experiments  of  Vogel 
qip€ar  to  have  been  equdly  unsucceftsfiilf  But  I  have  gene- 
•uUy  j>rocured  it  by  the  fuHowiag  method, 

AlUnv  phosphuret  of  lime  to  remain  hi  water  till  it  Las  given 
jut  all  the  phosphuretted  hydrogen  giLs  which  it  is  capable  of 
evolving.  Then  add  to  the  liquid  a  conj^iderable  excess  of 
muriatic  acid,  agitate  for  a  few  moments,  and  throw  the  whole 
ipon  a  filter.  Phosphuret  of  carbon  will  remain  upon  the 
liter.     Let  it  be  properly  washed  and  dried. 

Phosphuret  of  carbon  thus  olitained  is  a  ^oft  powder  of  a 
lirty  lemon  yellow  colour,  without  either  taste  or  smell.  WTien 
eft  in  the  open  air  it  very  glowly  imbibes  moisture,  emits  the 
inell  of  carburetted  hydrogen,  unci  acquires  an  acid  taste. 
^ence  it  tlecomposes  tlie  water  which  it  absorbs,  ajui  its  phos- 
•bonis  is  slowly  converted  into  phosphorous  acid.  It  does  not 
lelt  when  heated ;  nor  is  it  altered,  though  kept  in  a  tempera- 
jre  higher  tluui  tliat  of  boiling  water.  It  burns  below  a  red 
^eat,  and  when  heated  to  redness,  gradually  gives  out  its  pbos- 
'liorus.  The  charcoal  remains  behind  in  the  stiite  of  a  black 
latter,  being  prevented  from  burning  by  a  coating  of  phos- 
phoric acid  with  which  it  iscovered.  When  the  powder  is  throi^Ti 
the  fire  in  small  quantities  at  a  time,  it  burns  in  beautiful 
ties.  It  Ls  prolmbly  composed  of  1  atom  phosphorusj  and  1 
carbon,  or  by  weight  of 

Phosphorus         .         •         2 
Carbon  .  .  0-75 

lie  substance  when  distilled  gives  no  trace  of  water.J 
Nothing  is  knowu  respecting  tlie  coml)ination  of  phoB* 
irus  with  boron  or  silicon* 


SlKLVll, 


SECTION  VII. OF  SrLPHUR- 

Sulphur,  distinguished  also  by  the  name  of  brimstone,  was 

wn  in  the  earliest  ages.     Considerable  quantities  of  it  are 

id  native,  especially  in  tlie  neighbourhood  of  volcanoes^ 

it  is  procured  in  abundance  by  subjecting  the   mineral 

eti  pi^riies  to  distillation.     The  ancients  used  it  in  medicine, 

its  fumes  were  employed  in  bleaching  wool.§ 

|.  Sulphur  is  a  hard  brittle  substance,  eommouly  of  a  greenish  Propmi^ 

Twice  indeed  on  distilling  this  substance  I  obtained  a  residue  of  char- 
But  I  never  could  succeed  in  obtaioing  the  phosphuret  in  a  separate 


Ann.  de  Chioi.  Uixv^  225. 
Pliny » lib.  xxxv,  c«  15, 


t  Annds  of  Philosophy,  viii.  157. 
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.cHap.  n.     yellow  eolour,  without  any  nmelL  and  of  a  weak  though  per- 
l  ceptible  tajste* 

I  It  is  a  non-eoiHluctor  of  elt^ctricify,  and  of  couri^e  liccomcs 

^^_  electric  by  frictiou.   Its  specific  gravity  I  found  in  a  specimen  of 

^^M  pure  roll  sulphur  to  be  1"977;  while  that  of  another  Hpecimeu 

^^m  was  2*000.      Brisson  fount!  the  specific  gravity  of  native  sulphur 

^H  2'0;30-2;  while  Roget  iuid  Damns  found  it  tts  high  as  2*0B0** 

^^m  Sulphur  undergoes  no  change  by  being  allowed  to  remain 

^^H  exposed  to  the  open  air.     When  tlirown  into  water,  it  does 

^^H  not  melt  as  common  salt  does,  but  falls  to  the  bottom,  and 

^^P  remains  there  unchanged  :  it  is  therefore  insoluble  in  waiter, 

^^  2.   If  a  considerable  piece  of  sulphur  he  exposed  to  a  sadden 

I  though  gentle  heat,  by  holding  it  in  the  hand,  for  instance,  it 

breaks  to  jueces  with  a  emckling  noise* 

When  sulphur  is  heated  to  the  temperature  of  about  170% 

it  rises  up  in  the  form  of  a  fine  powder,  which  may  l»e  easily 

collected  in  a  proper  vessel.     This  powder  is  called ^oe^'er^  qf 

su/phnr,f 

When  heated  to  the  temperature  of  about  218°  of  Fahren- 

Iheit's  thermometer,  it  melts  and  becomes  as  liquid  iis  water. 
If  tliis  experiment  be  made  in  a  thin  glass  vessel,  of  an  egg 
8ha|»e,  and  having  a  narrow  rnouth4  the  vessel  may  he  placed 
upon  burning  coals  without  mnch  lisk  of  breaking  it.  The 
strong  beat  soon  causes  the  sulphur  to  boil,  and  converts 
into  a  brown  coloured  vaponr,  which  fills  the  vessel,  and  imm 
with  considerable  force  out  from  its  mouth, 
Eflteiofhcftt  M.  Dumas  fixes  the  melting  point  of  sulphur  at  2*26*^*3, 
which  I  consider  as  too  high*  Between  the  melting  point  and 
252%  it  is  as  liquid  as  a  varnish,  and  its  colour  is  that  of  amber. 
About  the  temperature  of  340^  it  begins  to  get  thick  and 
assumes  a  reddish  tinge,  and  if  we  continue  to  increase  the 
temperature  it  becomes  so  thick  tliat  the  vessel  containing  it 
may  be  turned  upside  down  without  the  risk  of  spilling  any  of 
it.  Between  the  temperature  of  428*  and  that  of  482''  it  is 
thickest  of  all,  and  its  colour  is  reddish  hrowTi*  From  482**  to 
its  boiling  point,  which  is  not  far  from  750*',  it  becomes  thinner, 
but  never  so  thin  as  it  was  when  below  the  temperature  of 
248^,  and  its  reddish  brown  colour  does  not  alter.     If  it  be 


*  Annals  of  Philosophy  (2d  scries),  iiL  392. 

f  It  is  only  in  this  state  that  sulphur  is  to  be  found  in  commerce 
tolerably  pure.  EoU  sulphur  iif^ually  contains  a  considerable  portion  of 
foreign  bodies. 

I  Such  vessels  are  usually  called  rrcetpers  or  flasks  by  chemists 


I 


i 


K 


SULPHUR.  ^^^  261 

iddenly  cooled  while  in  the  most  liquid  state,  as  by  tlirowiug  sect  vn. 
it  into  water,  it  becomes  iastiiivtiy  Ijrittle ;  but  if  it  was  so  hot 
as  to  be  viscid,  and  be  suddenly  cooledj  it  remaiJis  quite  soft; 
BO  tliat  it  raay  be  drawn  into  threads.  In  the  first  case  it 
crystallizes,  in  the  second  case  it  does  not,*  Thi«  sfate  of 
softness  is  probably  connected  witli  the  viscidity  ;  whicli  wheti 
the  cold  is  suddenly  applied,  prevents  the  possibility  of  the 
particles  arranging  themselves  in  regular  order, 
•  J3.  Sulphur  is  capable  of  crystallizing*  If  it  be  melted^  and, 
~  soon  as  its  surface  begins  to  congeal,  the  liquid  sulphur 
beneath  be  poured  out,  die  internal  cavity  will  exhibit  long 
xieedle-fihaped  crystals  of  an  octahedral  figure.  This  method 
of  cry'staillizing  sulphur  was  contrived  by  Ronelle,  If  the 
experiment  be  made  in  a  glass  vessel,  or'  upon  a  flat  plate  of 
mm^  the  crystals  wiU  be  perceived  beginning  to  shoot  when 
the  teinperatiu^e  sinks  to  il'2Q°.  Sulphur  is  frequently  found 
native  in  fine  large  crj^staLs,  The  primary  form  of  the  crystals 
is  an  octahedron,  with  scalene  triangular  faces.  It  consists  of 
two  pyramids  joinetl  togctherj  base  to  base.  These  bases 
constitute  a  rhomboid,  tl>e  longer  diagonel  of  whicli  is  to  the 

rriiorter  as  5  to  4. 
E  The  perpendicular  drawn  from  the  centre  of  this  rhomboitl 
m  the  edge  is  to  the  height  of  the  pyramid  as  1  to  *Xf  Mitch- 
R'lich  lias  shouTi  that  the  forra  of  the  crystal  is  diiferent  wlien 
sulphur  crystallizes  in  a  state  of  fusion  by  heat.  The  primary 
forin  is  tlien  a  doul>ly  oblitpie  four-sided  prism.f 
_  4.  Alcohol  diiiiitdvi\s  a  small  portion  of  sulphur.  So  does 
ailphnric  edier  and  oib^, 

IL  Sulphur  comI>ines  in  five  proportions  with  oxygen^  and  ^^1"^*'"^^* 
tanOB  five  compounds,  which  have  received  the  names  of  std- 
pkurie  acid^  suiphurom  aeid^  hji^jsulphumus  aetdf  suLndpkur' 
ou*  ncid^  and  htffH}sulphHric  acid, 

1.  When  sidphur  Is  heated  to  the  temperature  of  about 
300®  fa  the  open  air,  it  takes  fire  spontaneously,  and  burns 
witb  a  jwile  blue  flamcj  and  at  the  same  time  emits  a  great 
quantity  of  fumes  of  a  very  strong  suftbeating  odour.  When 
tet  on  fire,  and  tlien  plunged  bito  a  jar  full  of  oxygen  gas,  it 
Wmii  with  a  bright  violet  coloured  flame*  and  at  the  same  time 
oatts  a  \'Ust  quantity  of  fumes.     If  the  heat  be  continued  long 

•  Dumas ;  Ann,  di;  Chfm.  et  dc  Phya.  xxxvi.  83. 

•f  Ils5j*8  Mineralogie,  iii.  21b,  t  See  page  Itj  of  ihis  vulutue. 
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enough,  the  sulphur  burns  all  away  without  leading  any 
ashes  or  residuum.  If  the  furaea  be  collected,  they  are  found 
to  consist  of  sulphurous  acid.  By  combustion,  then,  sulphur 
is  converted  into  acid.  This  fact  was  kno\*Ti  several  centuries 
ago;  but  no  intelligible  explanation  was  given  of  it  till  the  time 
of  StahU 

According  to  him,  sulphur  is  a  compound  of  sulphuric  acid 
and  phlogiston.  By  combustion  the  phlogiston  h  driven  offj 
and  die  acid  remains  behind.  The  e?q:»eriments  by  wliieh  he 
endeavoiu-ed  to  establish  these  opinions  Avere  long  considered 
as  satisfactory.  But  it  was  observed  that  sulphur  will  not 
burn  unless  air  be  present j  and  that  sulphuric  acid  is  heavier 
tlian  the  sulphur  from  which  it  was  produced.  These  facts 
were  incompatible  with  the  hypothesis  of  StaU,  Lavoisier 
first  explauied  them  by  showing  that,  during  combustion, 
sulphur  unites  with  the  oxygen  of  the  air,  and  tliat  the  acid 
formed  is  exactly  equal  to  tJie  weight  of  the  sulphur  and  oxy- 
gen which  disiippeared.  Hence  he  concluded  that  the  acid  , 
formed  U  a  compound  of  these  two  bodies— an  opinion  which  j 
is  now  universally  acceded  to. 

2.   Sulphurous  acid  is  formed,  when  sulphur  is  burnt,  either  \ 
in  the  open  air,  or  in  oxygen  gas.       But  the  best  way  to  pro- 
cure it  in  quantities,  is  to  heat  a  mixture  of  sulphuric  acid  and  , 
mercury  in  a  small  retort^  and  receive  the  gaseous  product  over  ] 
mercury,     This  gas  is  sulphurous  acid. 

This  acid  was  first  examined  by  Stahl,  who  gave  it  the  name 
of phiogisticaied  sulphur ic  acid,  Scheele  in  1774  pointed  out  a 
method  of  procuring  it  in  quantities.*  Dr.  Priestley,  about 
the  same  time,  obtained  it  in  the  gaseous  form,  and  ascertained 
many  of  its  properties. -[■  Berthollet  examined  it  in  1782  and 
1789.:{:  Fourcroy  and  Vauqueiin  published  a  detailed  set  of 
experiments  on  it  in  1797.§  Some  experiments  on  it  by  me 
were  published  in  1803,|| 

Sulpljurous  acid  gits  is  colourless,  and  possesses  tlie  mechani- 
cal properties  of  common  air.  Its  smell  is  exceedingly  suffo- 
cating and  disagreeable,  being  precisely  similar  to  the  smell  of 
burning  sulphur.  Its  taste  is  intensely  acid  and  sulphureous. 
It  converts  vegetable  blues  to  red,  and  then  gradually  destroys 


•  Schecle's  Memoires  de  Chjmie,  i.  43.  f  Priestley  on  Air,  iL  895, 

\  Mem.  Par.  1782.  and  Ann*  de  Chini*  ii.  54. 

S  Ann.  de  Chim,  xxiv.  229*  |;|  Mcholion's  Journal,  vi,  93. 
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Its  specific  gravity,  according  to  Dav> '»  experimeiitsj    sect  vil 
293,*     According  to  Berzelius  and  Dulorig,  *2'247,f     If  '^ 
suppose  it  composed  of  n  volame  of  vapour  of  sulphur,  and 
"»  Tolume  of  oxygen  gas,  condensed  into  one  volume,  its  spe- 
cific gravity  ought  to  he  2'!2222.     Now  thk  is  confirmed  by 
an  experiment  made  in  my  laboratory ;  we  found  the  specific 
gravity  of  the  gas  2-221. 

I  ascertained^  by  experiment,  that  the  quantity  of  oxygen 
in  sulphurous  acid  is  f  of  that  in  sulphuric  acid.f  Now  we 
shall  see  immediately  tliat  sulphuric  acid  is  composed  of  \  00 
sulphur  +  150  oxygen.  Hence  it  follows  that  sulphurous 
acid  is  composed  of  100  sulphuj  +  100  oxygen.  There  is 
another  experiment  which  demonstrates,  in  a  very  siitisiactory 
manner,  the  composition  of  this  acid.  Sulphuretted  hydrogen 
k  a  gas  which  will  be  described  in  the  subsequent  part  of  this 
aeetioil*  It  contains  its  own  volume  of  hydrogen^  holding  a 
Toltime  of  sulphur  in  solution.  Now  a  volume  of  this  gas 
i^qosres  1]  volume  of  oxygen  for  complete  combustion.  The 
•dhataiiees  formed  are  water  and  sulphurous  acid.  The  half 
volume  of  the  oxygen  goes  to  tlie  formation  of  water,  and 
^«ombjnes  with  the  hydrogen.  The  one  volume  of  oxygen 
^mbines  mtli  all  the  sulphur,  and  forms  sulphurous  acid, 
lie  sulphur,  in  a  volume  of  sulphuretted  hydrogen,  is  obtained 
by  subtracting  the  specific  gravity  of  hydrogen  gtts  from  that  compwition. 
Iflf  sulphuretted  hydrogen. 

Sp,  gra\ity  of  sulphuretted  hydrogen         .  1-1805 
hydrogen  gas                         .         0*0694 


Sulphur  in  the  gas  .         .         .         1-1111 

But  the  specific  gravity  of  oxygen  gas  is  1-111,     Hence  it 
plloni's  that  sulphurous  acid  is  composed  of 
Sulphur         .         *  1*111  i 

Oxygen         .         .         1111  i 
It  is  obvious  from  this  that  sulphurous  acid  gas  is  a  com- 
Bund  of 

volume  oxy^gen  gas,        7  condensed  into  1  volume.    Hence 
volume  sulphur  vapour^  5  the  specific  gravity  of  sulphur  va- 

and  oxygen  gas  are  precisely  the  siune. 
The  atomic  weight  of  sulphur,  as  will  appear  immediately, 
IS  2*     Now  2  multiplied  by  0*5555  must  give  us  the  specific 
gravity  of  sulphur  va|»our.     And  2  X  0*5555^  1-1111. 

•  PhU-  Trims,  1812, p.  il2,  f  Ann.  de  Chim.  et  de  Pbys.  v,  178, 

\   Xichol5on*s  Journal,  vi.  95, 
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Chap,  a  3.  Sulphuric  acid  is  obtained  by  burning  a  mixture  of  about 
7  parts  sulphur  and  1  part  nitre,  in  large  chambers  lined  with 
lead.  By  this  combustion,  sulphurous  acid  and  deutoxide  of 
azote  are  formed.  The  deutoxide  absorbs  oxygen  from  the 
atmosphere,  and  is  converted  into  nitrous  acid.  Both  the 
acids  are  absorbed  by  water.  The  nitrous  acid  gives  out  part 
of  its  oxygen  to  the  sulphurous  acid,  and  converts  it  into  sul- 
phuric acid,  and  being  reduced  to  the  state  of  deutoxide  again 
flies  off,  unites  to  oxygen,  is  converted  into  nitrous  acid,  and 
absorbed  by  the  water.  This  process  goes  on  till  the  whole  of 
the  sulphurous  acid  is  converted  into  sulphuric  acid.*  The 
water,  thus  acidulated,  is  evaporated  in  leaden  vessels  to  a  cer- 
tain point.  The  evaporation  is  then  continued  in  glass  retorts, 
till  the  acid  acquires  the  requisite  degree  of  strength.  By  this 
evaporation  a  very  considerable  portion  of  the  water  is  driven 
off.  But  by  this  process,  sulphuric  acid  cannot  be  deprived  of 
the  whole  of  its  water. 

Sulphuric  acid  is  colourless  like  water.  It  has  somewhat  of 
a  glutinous  consistency;  is  destitute  of  smell,  but  has  an  exceed- 
ingly acid  taste.  It  speedily  chars  animal  and  vegetable  sub- 
stances when  placed  in  contact  with  them.  It  converts  vege- 
table blues  to  red.  Acid  of  the  specific  gravity  1'85,  boils, 
according  to  Mr.  Dalton,  at  the  temperature  of  620**.  The 
boiling  point  diminishes  with  the  strength.  Acid  of  the  specific 
gravity  1'780,  boils  at  435®,  and  acid  of  the  specific  gravity 
1-650,  at  350o.f 

Many  experiments  have  been  made  to  determine  the  pro- 
portion of  oxygen  contained  in  sulphuric  acid.  It  is  unneces- 
sary to  state  the  trials  of  BerthoUet,  Trommsdorf,  Lavoi- 
sier, Chenevix,  and  Thenard,  because  they  are  very  inaccurate. 
Bucholz,  Klaproth,  Richter,  and  Berzelius  approach  much 
nearer  to  the  truth.     Their  estimates  are  as  follows : 

Bucholz    100  sulphur  +  135*3  oxygen. 

Klaproth  100  +  138-1 

Richter     100  +  138-1 

Berzelius  100  +  149-1 

The  determination  of  Berzelius  is  much  more  exact  than 
any  of  the  others,  and  is  in  fact  exceedingly  near  the  truth. 


♦  Clement  and  Desormes.  Ann.  de  Chim.  lix.  329. — Dalton,  New  Sys- 
tem of  Chemical  Philosophy,  ii.  396.— Davy,  Elements  of  Chemical  PhUo- 
Bophy,  p.  276. 

f  Dalton's  New  System  of  Chemical  Philosophy,  ii.  404. 
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I  find  by  a  careful  set  of  experiments  that  the  atomic  weight  *^  ^'^ 
'sulphuric  aciil  in  exactly  5,  aiul  tliat  of  sulphurous  add  4, 
For  4  soda  and  6  potash  are  exactly  saturated  by  5  of  sul- 
phuric acid,  and  4  of  sulphurous  acid*  Farther,  sulphite  of 
pota^  may  be  converted  into  sulplinte  of  potash  by  dissolving 
it  ill  water,  and  leaving  the  solution  for  a  sufficient  time 
exposed  to  the  atmosphere.  The  neutral  state  of  the  salt  is 
not  altered  by  tliis  cluuige.  Hence  it  follows  that  sulpliurous 
and  sulphuric  acids  contain  exactly  the  same  weight  of  i^ulphur. 
The  difference  between  their  %veigbts  k  owing  to  the  diifer- 
ence  of  their  oxygen.  Now  this  dilference  being  unity,  it  is 
clear  tluit  sulphuric  acid  contains  1  atom  more  oxygen  than 
sulphurous  acid.  Farther,  if  we  take  2  grains  of  siilplior  and 
dissolve  them  in  nitric  acid,  we  will  cor* vert  them  into  5  grains 
.4Df  sulphuric  acid.  From  this,  it  is  obvious  tliat  sulphuric  acid 
composed  of 

tsulphur  ,  .         2 

Oxygen         .         .         3 


Sulpharous  acid  must  of  course  be  composed  of 
Sulphur  .         ,         2 

Oxygen  *         .         2 


lence  it  is  evident  that  the  atomic  weight  of  sulphur  is  %  and 
thskl  sulphurous  acid  is  a  compound  of  1  atont  t^ul{>bur  and  2 
wi0am  oxygen ;  wldle  sulphuric  acid  is  a  compound  of  1  atom 
sulphur  and  3  atoms  oxygen* 

Bcrzelius  uudves  the  atom  of  sulpliur  2*0 11 65,     This  num- 
ber he  founds  on  analytical  experiments;  as  if  it  w^ere  possible 

I  iraent  to  determine  flie  millionth  part  of  the  matter 

I I  to  aiudysis.      He  endeavtmrs  also  to  deduce  from 
Oersted's   experiments  on  the   compressibility  of  sulphurous 

^acid  gas,  that  it  Is  impossible  that  sulphurous  acid  can  be  a 
^*  compound  of  equal  weights  of  sulphur  and  oxygen.  He  does 
not  attend  to  tlie  circumstfuices  of  the  case,  otherwise  he  would 
see  that  these  experiments  militate  ag;dnsi  his  conclusions.  It 
has  been  established  by  satisfactory  trials,  tljut  when  sulphur 
is  burnt  in  oxygen  gas^  tliat  gas  is  chimged  into  syl[dutrous 
acid  without  any  alteration  in  volume.  Hence  the  increase  of 
tlie  specific  gravity  measures  the  weight  of  sulphur  condntjed 
urith  the  oxygen  gas*     But  says  Berzelius  the  weight  of  sul- 
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Chap.  iL  phurous  acid  gas  is  greater  than  it  ou^ht  to  be,  msppoofi 
compound  of  equal  weights  of  oxygen  and  sulphur.  1 
reason  assigned  by  himself  accounts  for  this;  it  is  ovingti 
easy  compressibility  of  sulphurous  acid  into  a  liquid,  b 
know  from  actual  trial  that  the  specific  gravity  of 
acid  gas  may  be  taken  without  any  condensation  wintere^i 
that  then  its  density  is  2*22].  That  Benelius'i 
for  the  specific  gravity  of  sulphurous  acid  is  not  quite  com 
is  evident  from  this,  that  if  we  subtract  from  it  hisofWD 
gravity  of  oxygen  gas,  we  obtain  2*0756  for  the  atomrf  s 
phur,  instead  of  2*01165  his  own  atomic  weight.  ForSW- 
1-1026  =  M444  and  1*1026  :  M444  :  :  2  :  2-0756  =Si 
of  sulphur. 

flubMiiphur.  4.  An  observation  of  Mr.  Higgins  of  Dublin,  badkb 
attended  to,  might  have  led  chemists  long-  ago  to  infer  tke 
ence  of  subsulphurous  eund.  He  found  that  sulphuiMis 
has  the  property  of  dissolving  iron  without  the  evolatMi 
any  gas.*  But  Mr.  Higgins  did  not  determine  the 
the  solution  of  iron  thus  obtained.  This  was  done  in  174 
M.  Bertliollet.  He  showed  that  a  greater  proportion  of  i 
phur  was  present  in  the  solution  than  sulphurous  acid 
The  reason  was,  he  observed,  that  the  iron  was  oxydizediti 
expense  of  the  sulphurous  acid,  a  portion  of  which  ginf^ 
its  oxygen  to  the  iron  is  converted  into  sulphur.  lU' 
phur  combines  with  the  sulphite  of  iron  formed,  and 
tutes  a  pecidiar  kind  of  salts  to  which  the  name  of  mjp 
sulphites  was  applied  by  the  French  chemists.f  Smt  SI 
of  these  salts  were  described  by  BerthoIIet  and  by  Font* 
and  Vauquelin.  And  some  new  facts  concerning  theB*< 
noticed  by  Gay-Lussac  in  1813.J  It  was  in  the  year 
that  I  first  paid  minute  attention  to  the  solution  of  inmii* 
phurous  acid.  I  concluded  from  the  phenomena,  that  tki 
gave  out  half  its  oxygen  to  the  iron,  and  converted  itinlip 
toxide  of  iron.  I  found  the  salt  formed  a  neutral  ah 
when  I  attempted  to  separate  the  acid  it  was  immeiM 
decomposed  into  sulphurous  acid  and  sulphur.  I  drew  s' 
inference  that  the  sidt  contained  a  peculiar  acid  of  salpl 
consisting  of  suli)lmrous  acid  deprived  of  half  its  oxygfD. 
therefore  composed  of  one  atom  of  sulphur  -f-  one  atis^ 
oxygen.     To  this  new  acid  I  gave  the  name  of  Aspon^Bfa* 

•  Iliggin's  (Comparative  View,  p.  49.  f  Ann.  de  Chin- ■- J^ 

\  Ibid.  Ixxxv.  199. 
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InW,  and  I  announced  the  existence  of  this  acid  in  the  fifth    seci  vit 

Jtion  of  my  System  of  Chemistry,  published  in  1B17-  In 
iat  edition  the  existence  of  the  acid  is  stated,  and  the  salts 
previously  described  in  books  by  the  name  of  sniphureiied  sid~ 
kitt'^  are  called  hypasidpkites**  But  tlie  tliscovery  of  a  new 
id  oontainui^  still  less  oxygen  than  this,  by  Mr,  Herschell, 
kes  it  expedient  to  g^ive  to  the  acid  formed,  by  dissolving 
an  or  zinc  in  sulphurous  acid,  the  name  of  .suhsulpkurota  itckt 
Jlf  the  sulphurous  acid  be  pure,  zinc  dissolves  in  it  without  any 
effervescence  whatever*  Wlien  the  salt  is  decomposed,  tlie  sub- 
Isulphurous  acid  is  resolved  into  sulphurous  acid  and  sulphur.  No 
ate  experiments  have  hitherto  been  made  on  the  subject; 
fliut  there  seems  no  reason  to  doubt  from  the  phenomena,  that 
{[during  the  solution  of  the  zinc,  the  sidphurous  acid  gives  out 
llialf  its  oxygen  t^  oxydize  the  zinc.  The  subsulphurous  acid 
3ust  then  be  a  compound  of 

1  atom  sulphur         .         .         2 
1  atom  oxygen         .         .  1 


lis  atomic  weight  must  be  3*  It  seems  incapable  of 
ag  except  in  combination  with  a  base.  When  insulated 
'  the  sulphur  separates,  and  sulphurous  acid  remains. 
5.  The  acid  discovered  by  Mr.  Herschell,  and  to  which  he  ^J^^^^^""^' 
Ppive  the  name  of  hyposulphurous  acid,  seems  equally  inciipa- 
We  of  existing  except  in  combination  with  a  base.  When 
sulphuric  acid  in  a  slight  excess  is  poured  luto  a  dilute  solution 
oThyposulphite  of  strontian,  the  whole  strontian  is  thrown  down, 
and  the  filtered  liquid  cuusists  chiefly  of  a  solution  of  hyposul- 
phurous acid  in  water.  This  liquid  is  transparent  and  colour- 
less, is  destitute  of  smell,  smd  has  im  acid,  astringent,  and  very 
bitter  taste-  On  standing  a  few  hours,  the  acid  undergoes 
spontaneous  decomposition,  the  liquid  becomes  milky,  sulphur 
is  deposited,  and  sulphurous  aeid  remains  in  solution. 

During  a  set  of  experiments  on  cliromium,  in  which  I  was 
eng^ed  about  five  years  ago,  I  found  that  when  a  current  of 
ialpburetted  hydrogen  gas  hus  passed  through  a  solution  of 

*  I  hare  been  tbui  tniuute  in  my  account  of  my  idea^  respecting  this  acid» 
beeuiac  I  obsenre  that  Gay-Lussac  lays  claim  lo  the  discovery  of  it.  But 
1  am  QOt  aware  of  the  least  hint  at  the  existence  of  any  huch  add,  either  in 
the  writings  of  Gay-Lussac,  or  of  any  other  person  previous  to  the  publica- 
tion of  the  fifth  edition  of  my  System  of  Chemistry. 

t  Edin,  Philos,  Journal^  i.  8  and  396»  and  ii.  154. 
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ch^  II.  chromate  of  potath,  the  chromic  acid  is  reduced  and  predpiaiei 
in  the  stote  of  hydro-sulphuret  of  chroiniuiii,  and  the  rai(hi 
liquid  contains  a  solution  of  hyposulphite  of  potash.  Tk 
fact  induced  me  to  make  a  set  of  experiments  on  the  coa|i» 
tion  of  hyposulphurous  acid,  which  I  was  fortunately  eatii 
to  do  by  means  of  a  salt,  which  made  its  appearance  ii  li 
soda  leys  of  Mr.  Temiant  of  Glasgow,  during  the  very  i 
summer  of  1825. 

This  salt  had  a  hot,  bitter,  and  sulphureous  taste,  and 
crystallized  in  regular  octahedrons.     It  g^radually  deUqutf 
and  acted  very  strongly  as  an  alkali.      It  w^s  composed  of 
1  atom  bisulphuretted  hydrogen  .  .         4*125 

1  atom  soda  .         •         •  •  .4 

6  atoms  water  ....  .         6-75 

14-875 
The  bisulphuretted  hydrogen  (as  its  name  implies)  is  i 
pound  of  2  atoms  sulphur  and  1  atom  hydrogen.  If  we 
solve  this  salt  in  water  and  add  to  die  solution  sulpharoM 
as  long  as  the  acid  continues  to  lose  its  smell,  one  half  cfi 
sulphur  which  it  contains  is  thrown  down,  and  the  salt 
verted  into  hyposulphite  of  potasli,  which  may  be  obtaiiMJi 
large  flat  four-sided  prisms  terminated  by  a  bihedral  s 
When  analyzed  its  constituents  were  found  to  be 

1  atom  hyposulphurous  acid  .  .  5 

1  atom  soda         ....  .4 

4  atoms  water     ....  .  4*5 

13-5 

It  is  ob\dous  that  the  hyposulphurous  acid  .is  a  compound'- 
atoms  sulphur  and  one  atom  oxygen.  For  it  is  fomw^ 
adding  4  sulphurous  acid  to  14-875  of  the  by drosulphuRt  ^ 
soda.  2  sulphur  precipitate.  Consequently  4  sulphur  c?' 
remain  in  solution.  One-half  of  the  oxygen  in  the  4  snlf^ 
rous  fieid  must  have  combined  with  the  0-123  hydroffen  wlH 
to  the  sulphur  in  the  bisulphuretted  hydrogen.  Hence  ri' 
remains  1  oxygen  to  combine  with  4  sulphur,  M'hich  mist^ 
the  constitution  of  hyposulphuroas  acid.*  I  verified  tlusff*^ 
by  analyzing  the  hyi)osuli>hites  of  barytes  and  lead.  pK|#< 
by  Mr.  Herschell's  process.  Hyposulphurous  acid  then  > 
compound  of 

*  See  Phil.  Trans.  1827,  p.  166. 
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2  atoms  sulphur 
I  atom  oxygen 


4 
1 
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So  that  its  atomic  weight  is  the  same  as  that  of  sulphuric  acid. 
6.   Another  neid  eoinpoiind  of  oxviJC^n  and  sulphur  was  dis- 
cMJvered  by  Messrs.  GayLussac  and  Welter,  aud  called  by 
them  hifpojfuiphuric  acid. 

Welter  eau**ed  a  current  *)f  the  sulphurous  acid  gas  to  pass  iTjpo«iit|iiiii- 

through  bhick  oxide  of  manganese  susj>euded  in  water.     By 

this  process  he  formed  a  neutral, salt,  which  he  requested  Gay- 

Lussae  to  examine.     Ir  was  during  their  mutual  exanunafi*>a 

of  this  salt  that  the  new  acid  was  discovered.     The  solution 

thus  formed  consists  of  a  mixture  of  neutral  sulphate  and  hypo- 

siulpliate  of  mangfuiese.     Pour  into  this  solution  harytes  w^'iter. 

The  whole  of  the  sulphate  of  niatiganese  is  thrown  down,  while 

tlie  hj-posulphate  is  converted  into  hyposulpliate  of  barytes, 

which  remains  in  solution.     A  current  of  carbonic  acid  throws 

down  any  excess  of  barytes  that  may  have  l)een  atkled ;  tlien 

evaporate  the  liquid,  and  the  hyposulphate  of  barytes  will  he 

obtained  in  crystals.     Dissolve  these  crystals  in  water,  and 

precipitate  the  barytes  by  means  of  sulphuric  acid,  taking  care 

not  to  iwhl  any  excess  of  that  acid.     The  liquid  now  consists  of 

water,  holding  hyposul|diuj'ic  acid  in  solution.     This  acid  is 

eolourle§g  and  destitute  of  smell     It  may  be  concentrated  till 

(  ibi  specific  gfravity  is  1-347,  but  no  higher.      It  then  begins  to 

I  be  decomposed  by  heat^  sulphurous  acid  flies  off,  and  sulphuric 

I  acid  remains  behind,*      It  was  foimd  that  it  couhi  be  completely 

iresolred  into  sulphurous  and  sulphuric  acids  iu  the  proportion 

I  of  4  partJi  of  die  former  and  5  parts  of  the  latter.     It  is  there- 

I  fore  compo^d  of  an  integrant  particle  of  sulphuric  acid  united 

to  an  integrant  particle  of  sul[*liurous  acid.     Its  constituents 

therefore  are 


2  atoms  sulphur 
5  atoms  oxygen 


4 
5 


,  And  its  atomic  weight  is  9.     It  is  similar  in  its  constitution  to 

j  iduMphoric  acid.     It  is  a  very  curious  fact  that  sulphuric  and 

snlphitrous  acids  should  be  capable  of  uniting  together,  lujd  of 

♦  AnoalB  of  Philosophy,  xiv*  352. 
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ou^-  It    forming  a  new  compound  acid  whose  saturatiiig^  power  ii « 
greater  than  that  of  either  of  its  constituents. 

Thus  we  know  at  present  no  fewer  than  five  oompooBiitf 
oxygen  and  sulphur,  all  of  which  are  acids*  Their  na^ 
constituents,  and  atomic  weights,  are  as  follows. 

Sulphur.  Ozysen.  Aki*^ 

1.  Hyposulphurous  acid  2  atoms  +   1  atom     •    •   5 

2.  Subsulphurous  acid      1  +1 

3.  Sulphurous  acid  1  +2 

4.  Sulphuric  acid  1  +3 

5.  Hyposulphuric  acid     2  +  ^ 


Mi^ur. 


.  3 
.  4 
.  i 

.  f 
cmotUmot       III.  Sulphur  combines  readily  with  chlorine,  and  fimii] 
liquid  compound  which  has  received  the  name  of  cUorUt 
sulphur.     Tills  substance  was  first  described  by  me  in  li 
It  was  examined  by  M.  Berthollet,  junior,  in  I807,faii 
Mr.  Bucholz  in  I8IO4 

It  is  easily  obtained  by  passing  a  current  of  cUoniKf 
through  flowers  of  sulphur.  It  may  be  obtained  also^  mI^! 
first  observed,  by  heating  sulphur  in  a  dry  ^las8  vessel  B 
with  chlorine  gas. 

It  is  a  liquid  of  a  brownish  red  colour  when  seen  by 
light ;  but  appears  yellowish  green  when  seen  by 
light  Its  smell  is  strong  and  somewhat  similar  to  tint  if  1 
plants,  or  wliicli  we  perceive  when  walkings  along*  the 
The  eyes  when  exposed  to  it  are  filled  with  tears  and  afl|i 
the  same  painful  feeling  as  when  exposed  to  wood  « f 
smoke.  The  taste  is  acid,  hot  and  bitter,  affecting  the  drt 
with  a  painful  tickling.  It  does  not  change  the  colour  flf i 
litmus  paper ;  but  if  the  paper  be  moist  it  innnediately  hta0 
red.  I  found  the  specific  gravity  1*67  89.  But  BerAik 
foimd  it  1*7  and  Buchobs  1*699.  It  readily  dissolves  sdffii 
and  acquires  a  brown  colour.  It  dissolves  phosphonH^ 
facility.  The  solution  has  a  fine  amber  colour  and  is  p0> 
nent.  Chloride  of  sulphur  soon  flies  off,  leaving  crjfsiik 
sulphur  if  it  contains  that  substance  in  solution.  ^When  itoff 
into  water  it  is  decomposed,  sulphur  being  evolved.  ^ 
dropped  into  nitric  acid  a  violent  effervescence  is  produced) 
sulphuric  acid  formed. 

According  to  Davy  10  grains  of  sulphur  absorb  30  rf" 
inches  or  22*3589  grains  of  chlorine.     Hence  it  is  coini»*i' 

•  Nicholson's  Journal,  vi.  p.  104.  f  Mem.  de  Arcueil,L  ISL 

t  Gehlen's  Journal,  fiir  die  Chemie,  Physik  und  Mineralogies  is.  l*^ 
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Sulphur  .  .  2  ^^^^  SeetVli 

Chlorine         .         •         4-672  '         "^ 

lit  IS  evident  from  this  f  liat  it  is  a  compound  of  1  atom  sulphur 
I  atom  chlorine.     Hence  its  atomic  weight  is  6'5, 
I  analyzed  a  specimen  of  chloride  of  sulphur  of  the  specific 
ivity  1*7,  and  found  it  a  compound  of 

1  atom  chlorine  .         .         4*5 

2  atoms  sulphur         •         *         4* 

8-5 

it  was  therefore  a  dichloride,  and  its  atomic  weight  wm  8-5. 
Thus  there  are  two  chlorides  of  sulphur.      The  chloridcj 
[>mpo6ed  of  an  atom  of  each  constituent^  has  a  red  colour  and 
specific  gravit)^  of  only  1-628.     It  may  be  made  hy  continu- 
ing tiie  etirrent  of  chlorine  gaa  till   the   chloride   refuses  to 
[>rH  any  more.     Or  by  mixing  together  100  parts  of  corro- 
stiblimate  and   1'2  partes  of  sulphur,  and  distilling  with  a 
ate  heat^      Tlie  dichloride  may  be  made  by  satuniting 
be  chloride  with  sulphur  till  it  refuses  to  take  up  any  more. 
lis  colour  is  brown,  its  specific  gra\"ity  greater,  and  when 
ftpontted  it  leaves  one  half  of  its  sulphur  behind. 
No  attempt  has  been  hitherto  made  to  determine  the  specific 
a^nty  of  the  vapour  of  chloride  of  sulphur.     But  as  it  is  a  com- 
9uml  obviously  of  1  volume  chlorine  gjis  and  1  volume  vapour 
■§ulphur  probably  condensed  into  1  volume,  its  specific  gravity 
iu$t  be  3-611 1,     If  tlicliloride  be  a  compound  of  two  volumes 
■  siilphur  vapour  and  I  volume  of  chlorine  gas  condensed  into 
1  volume,  the  specific  gravity  of  its  vapour  must  be  4*7'22*2. 

Dumas  subjected  the  chloride  of  sulplmr  to  analysis*  His 
metliod  wa*!i  to  pass  the  vapour  tlirough  hot  turnings  of  iron. 
Chloride  and  sulphuret  of  iron  were  formed.  The  chlorine 
thrown  down  and  estimated  by  means  of  nitrate  of  silver. 
The  sulphur  MTts  driven  off"  in  the  state  of  sulphuretted  hydro- 
gen and  united  udth  lead.     He  obtained 

Sulphur  ,         .  3  or  2 

Chlorine         .         •         7-167       4778» 
corroborates  the  analysis  of  Davy*     Both  the  chloride  of 
%vy  and  of  Diunas  seems  to  have  contained  a  slight  excess  of 
iilorine. 
It  appears  from  the  experiments  of  Bischoff,  that  dichloride 

•  Ann.  de  Mines,  xii.^148. 
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^^^^*^  1^  of  sulphur  yields  beautiful  crystals  of  Bulphor.  TIm  ib 
the  crystal  is  the  usual  rhomboidal  octahedron.* 
^wmide  of  IV,  Bromide  of  sulphur  is  easily  formed  by  pouring  \m 
on  flowers  of  sulphur.  The  sulphur  is  converted  into  a 
lookiug  liquid  having  a  much  deeper  red  ccdour  than  dl 
of  sulphur.  Like  tliat  compound  it  exhales  vapoms  «k 
in  the  open  air,  and  its  smell  is  somewhat  similar.  ltd 
reddens  litmus  paper,  unless  water  be  present  when  Aei 
is  strong.  Cold  water  has  but  little  action  on  it;  bl 
boiling  temperature  a  slight  detonation  takes  places  ^ 
bromic  acid  is  formed  together  with  sulphuric  acid  and  a 
retted  hydrogen.  Chlorine  decomposes  this  bromide.  Bi 
is  driven  off  and  chloride  of  sulphur  formc^f  It  is  ih 
from  this  that  bromide  of  sulphur  is  a  compound  of 
1  atom  bromine         •  .  10 

1  atom  sulphur  .  2 

12 

and  that  its  atomic  weight  is  12. 

V.  Sulphur  has  the  property  of  combining  with  iodni 

of  forming  a  compound  which  lias  been  called  iodide  if  ti^ 

It  was  first  described  by  Gay-Lussacj: 

IS^hSr?'  ^^  ^  easily  formed  by  mixing  together  the  two 

in  a  glass  tube  and  exposing  them  to  a  heat  sufficient  m 
the  sulphur.     This  iodide  is  grayish  black,  and  hnsaoi 
structure  like  that  of  sulphuret  of  antimony.      When 
with  water,  iodine  is  disengaged.     When  heated 
to  produce  fasion  a  portion  of  the  iodine  is  likewise  disoff 

This  iodide  has  not  hitherto  been  analyzed.  But  fiii 
observation  of  M.  Henry,  that  the  best  way  of  procnia^i 
a  crystallized  state,  is  to  mix  1  part  of  sulphur  with  4flf  iii 
it  is  obvious  that  it  is  a  diodide  of  sulphur  or  a  compotfil' 

1  atom  iodine  .         .  15 '75 

2  atoms  sulphur         .         .  4 


19-75         J 

Doubtless  there  exists  a  simple  iodide  of  sulphur,  wUi' 
analogy  is  probably  a  liquid. 

VI.  It  would  appear  from  an  experiment  of  Shrttl^ 


♦  Schweigger's  Jahrbuch,  vi.  270. 

f  Ballard ;  Ann.  de  Chim.  et  de  Phys.  xxziL  37& 

i  Ann.  de  Chim.  xci.  22. 
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siilpliur  may  be  combined  w\i\\  fluorine.  He  mixed  s«ctvti, 
Iphur  with  fluate  of  lead  (fluaride  of  lead),  and  distilled  in  a 
pbidotun  vesseL  Sutplmret  of  toad  was  ftjrmed  and  a  fluid 
Vdlatilbed.  wlucli  la  ail  probuUtUty  ^^'as  a  fluoride  of  sulphur. 
But  Du^y  did  not  examine  the  properties  of  this  remarkable 
fluid. 

VI L  Sulphur  kts  the  property  of  eombining  witli  hydrogen^  Buiphuretttd 
id  of  formiiiof  a  giLseous  eom pound  which  hfis  reeeived  the 
e  of  sulphuretted  hydrogen  gas.     Gay-Lus^e  lias  given 
the  name  of  hydtosidphuric  ack!^  which  has  been   pretty 
genexally  :ulo|ited. 

That  such  a  gas  existed,  and  that  it  was  inflammable,  had  nistory, 
been  observed  by  Rouelle  ;*  but  it,s  properties  and  eoniposition 
were  first  investigated  by  Scheele  in  1777,  who  must  therefore 
be  considered  an  the  real  discoverer  of  it.f  Bergm;m,  in  1778, 
detaib^d  it-s  properties  at  greater  length,^  having  examined  it 
probably  after  reading  the  experiment's  of  Seheele,  In  1786, 
Mr.  Kirwjui  published  a  copious  and  ingenious  set  of  experi- 
ments on  it,§  The  Dutch  chemists  examined  it  in  179*2,  ||  and 
in    1794    Berthollet,    with    his    usual   sagacity,    still    further 

r  developed  its  properties  ;f  and  since  that  time  several  importimt 
lbct«  respecting  it  luive  been  ascertidned  by  Proust  and  The- 
nard* 
Berzelius  published  an  elaborate  analysis  of  it  in  1807  ;**^ 
Ittld  (fay-Lussae,  T!icnard,ff  and  Sir  IL  Davy4J  have  ascer- 
tained several  of  it*  properties  with  precisicui. 

It  may  be  obtained  by  pouring  sul[>buric  or  muriatic  acid  Frtrrojitiim. 
upon  aevend  metxdlic  sul[>hurets.  Sulphuret  of  antimony 
yields  it  ver^-  pure  ;  but  the  muriatic  aeifl  must  be  concentrated, 
and  the  action  of  the  acid  must  be  assisted  by  beat  Sulphuret 
of  iron  furnishes  it  very  readily,  and  may  be  furmecl  l>y  plung- 
ing red-hut  iron  into  sulpluir,  or  l)y  heating  together  irnji  filings 
and  sulphur  in  a  covered  crucible.  Ciay-Lussae  pr(»|>osed  a 
%*ery  convenient  metho4l  of  procuring  this  gas.  It  consists  in 
mixing  togetlier  t2  parts  of  sulphur  and  4-5  parts  of  iron  filings 

•  Macqoer*ft  Diet.  I  520. 

f-  Sdieete  on  Air  ant]  Fire,  p.  186,  Engl*  Tnuiif. 

I  See  hb  Treatise  on  Hot   Mineral  Waters,  Opus*  I  233,  ami  Engl, 
Tnui*.  i,  990. 

f  Phil.  Trans,  17&6,  p.  1 18. 

I  Ann.  dc  ChinL  xiv,  29i.  1  INd,  xxv.  233. 

••  AllnuKllii^gar  i  Fy^ik,  Kcml  ocli  Mincralogi,  ii.  78. 
ff  Rechcrthe*  Phyiico-chimiqucsi  i.  19  L 
\\  Pbih  TmMt.  IS12,  p.  412. 
I*  T 
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in  n  retort  with  a  eofisideral)l<^  qiumtity  of  water,  and  Ijeating 
the  whole  nearly  to  the  hoi  ling'  temperature,  Tlie  sulphiu* 
and  iron  filings  act  upon  eaeli  others  considerable  lieat  is 
evolved,  and  a  bhick  matter  formed  which  yiehl*^  a  great  deal 
of  sulphuretted  hydrogen  when  an  acid  h  poured  into  it.  This* 
mixture  must  not  be  prepared  long  before  it  is  used  ;  and  it 
will  not  yield  pure  sulphuretted  hydrogen  gas  unless  the  iron 
filings  employed  be  clean  and  very  small.  If  they  Ije  large 
the  interior  will  remain  in  t!ie  state  of  iron,  and  hydrogen  gas 
will  he  evolved  wheT»  sulphuric  acid  is  poured  into  the  mixture. 

An  economical  method  of  proeuring  suljdniretted  hydrogen 
has  been  proposed  by  M.  Bertbier,  which  seems  entitled  to  the 
attention  of  chemists.  His  metliod  is  this,  reduce  sulpliate  of 
lime  to  an  impalpable  powder,  and  mix  itif  anhydrous  with  the 
5th  part  of  its  weight  of  eliarcoal  powder;  but  if  in  the  state  of 
an  hiilrate  with  about  |th.  Put  tlie  mixture  into  a  crucible, 
and  raise  its  temperature  very  slowly  to  whiteness,  keeping  it  in 
a  white  heat  for  nearly  an  hour.  It  is  now  converted  into  sul- 
phnret  of  lime;  but  it  still  retains  it*s  pulverulent  state,  and 
may  be  kept  in  a  close  vessel  for  use.  When  muriatic  acid 
h  poured  upon  this  nuitter,  it  gives  ont  sulphuretted  hydrogeii 
gas  very  rapidly^  and  to  the  amount  of  4f>"H  per  cent. 

Sulphuretted  hydrogen  gas  h  colourless,  and  possesses  the 
mechanical  properties  of  air.  It  has  a  strong  tetid  smell,  not 
unlike  that  of  rotten  eggs.  It  does  not  support  combustion, 
nor  can  animals  breathe  it  without  suffocation.  Its  specific 
gravity,  according  to  the  ex|>eriments  of  Ciay-Lnssac  and  , 
Thenard,  is  M9l!2.f  According  to  Sir  H,  Davy,  it  is  M967, 
I  found  its  specific  gravity  1*I7B8.  It  mil  appear  immediately  j 
tliat  the  trne  specific  gravity  is  1-IB05, 

Its  refracting  power,  according  to  the  experiments  of  Dulong, 
is  2-187,  that  of  air  being  unity.J 

Mr.  Faraday  succeeded  in  reducing  this  gas  to  the  state  of 
a  liquid.  His  method  was  to  put  sulphuret  of  iron  and  muria- 
tic acid  into  a  bent  tube  shut  at  one  end,  and  so  contrived,  j 
that  the  two  bodies  did  not  come  in  contact  till  the  open  end  1 
of  the  tube  was  sealed  heniietically.  The  muriatic  acid  was 
then  brought  in  contact  with  the  sulphuret  of  iroii,  while  the 
other  end  of  the  tube  Mas  suiTounded  by  a  mi^xture  of  snow 
and  salt.     By  the  united  action  of  the  pressure  and  cold  the 

♦  Ann,  (le  Chun,  et  tie  Phys,  xxiv,  273. 
f  Hecherches  Physico-chimiques,  L  191. 
f  Ann*  de  Chim.  et  cJe  Phys.  xx\i.  H>7, 
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ttretted  hydrogen  evolved  condensed  into  a  liqiiid.  Sfctvii. 
This  liquid  was  tninsparent  and  colourless  and  exceedingly 
mobQe,  so  that  ether  when  compared  with  it  appeared  sonie- 
riscid.  Its  specific  gravity  \vi\^  about  Di),  and  at  tlie 
rmture  of  50'',  it  rcqaircd  a  pressure  amounting  to  17 
►heres  to  keep  it  in  a  stite  of  fluidity.* 

This  gas  is  rapidly  absorbed  by  water.  According  to  Dr. 
Henry,  100  cubic  inches  of  this  liqiud  absorb,  at  the  tempera- 
ture of  50°,  108  cubic  inches  of  sulphuretted  hydrogen, t  But 
the  gas  must  have  been  impure.  Theodore  de  Saussurc  found 
tiyit  100  cubic  inches  of  water  absorb  253  cubic  inches  of 
pure  sulphuretted  hydrogen  gas4  CJay-Lussac  found  that 
water  absorbed  at  least  three  times  its  volume  of  this  gas.  I 
prepared  a  quantit)'  of  very  pure  gas  by  means  of  sulphuret  of 
antimony,  mid  left  it  in  a  glass  jar  standing  over  mercury  with  a 
me^tsured  volume  of  water  in  contact  witli  it.  The  result  was 
that  in  24  hours  the  water  al)sorbed  *1'66  times  its  volume  of 
the  gHS,  Alcohol  of  the  specific  gravity  0*84  absorbs,  accord- 
ing to  Saussure,  6  0(i  times  its  volume  of  ga.s.  Mr,  Higgins 
has  shown  likewise  that  it  dissolves  in  ether.  The  water  thus 
impregnated  is  colourless,  but  it  has  the  smell  of  the  gas,  and 
a  sweetish  nauseous  taste.  It  converts  vegetable  blue  colours 
to  red,  and  has  many  other  properties  analogous  to  those  of 
acids.  When  the  liquid  is  exposed  to  the  open  air  the  gas 
gradually  makes  its  escape. 

When  sulphuretted  hydrogen  gas  is  get  on  fire,  it  burns 
with  a  blidsh  red  flame,  and  at  the  same  time  deposits  a  quan- 
tity of  sulplmr.     When  the  electric  spark  Ls  passed  through  it, 

phur  is  deposited,  but  its  l)ulk  is  scarcely  altered. §  It  depo- 
sulphur  also  wlien  agitated  with  nitric  acid,  or  when  that 
is  dropped  into  water  iinpregnatinl  with  it.||  If  into  a 
small  phial  filled  witli  this  gas,  we  let  fall  a  few  drops  of  nitric 
acid,  and  then  shut  the  mouth  of  the  phial  with  the  fingen  so 
much  heat  is  evolved,  that  the  gas  catches  fire  and  burns  with 
a  beautiful  flame. 

When  mixed  with  common  air  it  burns  rapidly,  but  does 
not  enplode*  When  mixed  with  its  own  bulk  of  oxygen  gas, 
and  fired  with  electricity,  an  explosion  is  prmluced,  and  no 
fiilphur  deposited ;  but  the  hiside  of  the  ghLss  is  moistened 
with  water.     For  complete  combustion  it  requires  1 J  volume 

•  PhiL  Trans.  1826,  p.  544.  f  IbiJ.  1S03,  p.  274. 

I  AtmnU  of  Philosophy.  vL  3iO.        §  Austin,  Pliit,  Trans.  1788,  p.  385, 

I  Jkheele,  on  Air  und  Fire,  p.  190, 
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Chap.  II.    of  oxygen  gas.    It  is  converted  into  water  and  snlphi 

The  half  volume  of  the  oxygen  goes  to  the  formation  ofn 
and  the  whole  volume  to  the  formation  of  sulphurous  adi 
When  electrical  sparks  are  made  to  pass  forakigA 
tlirough  this  gas  the  whole  sulphur  is  deposited,  and  tkk 
of  the  giis  is  not  altered;  but  it  is  converted  into  pmclji 
gen  gas.  When  sulphur  is  strongly  heated  in  hydnpif 
a  quantity  of  Milphuretted  hydrogen  gas  is  formed;  te 
bulk  of  the  gas  is  not  altered.  It  is  obvious  from  d  i 
facts,  that  it  consists  of  1  volume  hydrogen  gas  and  1 
sulphur  vapour  united  together  and  condensed  into  1 
To  obtain  its  specific  gravity,  therefore,  we  have  only  * 
together  the  known  specific  gravities  of  these  two 
already  determined. 

Sp.  gr.  of  hydrogen  gas  .  .         0-0694 
sulphur  vapour           .  .  Mlli 

M805 
Thus  Its  specific  gravity  must  be   1*1805,  as  abmjj 
This  is  only  a  verj'  little  heavier  than   I  obtained  brdf 
ment. 
rompouiuon.       Jts  coustitucuts  thcu  are 

1  atom  hydrogen         .  •  0*125 

1  atom  sulphur  .  .  2* 


2*125 

iuid  its  atomic  weight  is  2*125. 
Hydnmiu  2.   Wlieii  thrcc  volumes  of  sulphuretted  h vdroiren  l»' 

phurmit  acid.  ^       ,    i  -i  i_       i      i        '  ®   .    jJ 

tA^'O  volumes  of  sulphurous  acid  gas,  botli  dry,  are  mw' 
ther  over  mercury,  they  unite  together,  and  are  coiideaJ' 
a  solid  Ixody,  which  adheres  firmly  to  the  sides  of  the  * 
To  this  compound,  which  possesses  acid  properties,  tki 
of  hydrosulphurous  acid  may  be  applied. 

Tlie  action  of  these  two  gases  on  each  other  f* 
c)l>sorviHl  l>y  Mr.  Kirwan.*  It  lii-as  noticed  by  soecff 
writers,  hut  never  accurately  investigated  till  I  msulei'- 
experinionts  on  the  subject  in  tlie  autumn  of  1818.  I' 
l)een  tlio  general  opinion  that  the  tn'^o  gases  mutually^ 
posed  each  other,  and  that  the  products  were  water  ant 
phur.  If  this  opinion  had  been  well  founded,  it  is  obvi**' 
they  would  condense  each  other  when  mixed  in  the 
of  two  volumes  sulphuretted  hydrogen,  and  one  voluiv' 
•  Phil.  Trans.  1786,  p.  1 18. 
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pbiirotis  acid.      For  (substityting  atoms  for  volumes,  \vEich 
inay  be  done  witliout  aiiy  mistake)  wc  have 

AtoutA.  Atmm, 

2  atoms  stilpliuretted  h)'drogeii5  composed  of  2  sul.  +  2  liyd. 


Sect,  VII. 


1  atom  suiphiiroiis  add  composed  of 


1 


+  2  oxy. 


So  diat  the  two  gases  may  be  resolved  into  tliree  atomic  sulphur 
weighing  6,  and  2  atoms  u^ater  weighing  2-25. 

But  as  the  two  gttses  really  combine  in  the  proportions  of 
three  volumes  sulphuretted  hydrogen  and  two  volumes  sul- 
phurous acid,  it  h  obvious  that  they  cannot  be  resolved  into 
sulphur  and  water,  without  a  residue  of  oxygen  gas  amounting 
to  Jth  the  bulk  of  the  whole  sulphurous  acid  gas  employed. 
Now  when  the  gases  are  mLxed  in  the  requisite  proportions, 
and  m  a  state  of  sufficient  purity,  there  is  no  gaseous  residue 
hatever. 

Hyilrosulphurous  acid  is  a  solid  body  having  an  orange  yeU  Prt>perti«, 
low  colour.  Its  taste  is  acid  and  hot,  and  it  leaves  an  impres- 
sion in  the  mouth  which  contiimes  for  a  considerable  time* 
When  dry  it  produces  no  change  upon  the  colour  of  litmus 
paper ;  but  if  we  moisten  the  paper  ever  so  little,  it  tinges  it 
red.  Water,  alcohol,  nitric  acifl,  and  sul{>huric  acid,  decom- 
pose it,  and  disengage  sulphur.  When  tlus  subsUince  is  agi- 
tated in  barytes  water,  no  immediate  precipitate  appears;  a 
gufficieut  proof  that  it  contains  neither  sulphurous  nor  sulphuric 
acid«  It  requires  a  greater  heat  to  produce  fusion  than  sulphur: 
if  the  heat  be  continued,  an  effervescence  takes  place,  and  a 
quantity  of  pure  sulphur  remains  behind,  I  could  not  succeed 
in  uniting  it  with  biises  in  the  dry  way,  and  whenever  mois- 
ture is  present,  this  substance  is  always  decomposed.  From 
the  constituents  employed  to  form  it,  we  sec  that  hydro-sul-  compo^itioa. 
hurous  acid  is  composed  of 

5  atoms  sulphur  .         ,         :=  10 

4  atoms  oxygen  .         .         =4 

3  atoms  hydrogen        .         .         =     0-375 


14-375 

llial  an  integrant  particle  of  it  weighs  14'875.* 
Or  we  may  coitsider  it  as  a  compound  of 
3  atoms  sulphuretted  hydrogen         .         ,         6*375 
2  atoms  sulphurous  acid  ,         ,         6 


14-375 


♦  Annals  of  PhiJoaophy,  3tU.  441» 
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The  atomic  wc^iglit  is  the  same;  but  when  we  view  these 
cumpomitl  boilics  as  uniting  like  simple  botlies,  tlie  suhject  is 
rendered  more  simple  and  more  easily  understocwl, 

3.  Another  compound  of  sulphur  and  hyrirogen  wm  dis- 
covered by  Seheele,*  and  afterwards  more  partieularly  exam- 
ined by  Berthollet.f  I  was  led  aeeidentally  to  analyze  it  dur- 
ing a  set  of  experiments  on  chromium  in  I8'25.  From  its 
composition  it  has  been  called  bhuJphurei  of  hydrogen. 

The  best  way  of  preparin^^  it,  is  to  fuse  the  carbonate  of 
potash  in  a  covered  crucible  with  a  considerable  excess  of  sul- 
pbur.  By  thLs  we  obtain  a  sulphuret  of  potassium  containing 
several  atoms  of  sulphur  united  to  1  atom  of  potassium.  A 
concentrated  solution  of  this  sulphuret,  is  to  be  poured  by 
little  and  little  into  dilute  muriatic  acid,  taking  care  to  mix  the 
two  liquids  well  togetlier  after  every  addif ion*  A  yellow  oily- 
looking  liquid  is  formed,  which  collectn  at  the  bottom  of  the 
vessel^  and  is  transparent,  if  the  process  has  been  conducted 
guccessfully.  This  liquid  is  the  bisul[)huret  of  hydrogen.  It 
cannot  be  kept,  for  it  undergoes  spontaneous  decomposition 
even  in  well  closed  vessels ;  being  converted  into  sulphur  and 
sulphuretted  hydrogen.  When  it  is  exposed  to  the  air,  a  qnan- 
tity  of  sidphuretted  liydrogen  gas  escapes,  and  a  yellow  semi- 
transparent  mass  remains  adhesive  like  turpenrine,  which  in  a 
few  days  solidifies  into  sulphur. 

It  is  curious  that  tins  liquid  is  formed,  and  longest  preserved 
in  an  acid,  and  tluit  it  is  immediately  destroyed  by  an  alkali. 
Yet  it  has  the  same  acid  properties  as  sulphuretted  hydrogen. 
I  showed  that  it  constitutes  the  acid  of  the  octahedral  crystds 
which  have  been  hitherto  considered  as  hydrosulphuret  of  soda, 
and  I  hat  it  is  a  compound  of 

2  atoms  sulpluir  .         .  4 

1  atom  liydrogen         .         .         0*1*25 


I 


4-125 

Its  atomic  weight  consequently  is  4*125,:i: 

VII L  Sulphur  lias  the  property  of  combining  with  carbon, 
and  of  forming  a  very  remarkable  compound,  distinguished  by 
the  name  of  bisuljihiiret  of  carbon. 

The  plienoiaena  which  take  |dace  when  sul])hur  is  brought 
in  contiict  with  red-hot  charcoal  were  first  observed  by  Messrs. 


»  On  Fire,  p.  192.  f  Aan.  de  Cbim.  xxv,  247. 

t  Phil,  Trans.  1827,  \\  105, 
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Clement  and  Desormes,  during  u  set  of  experiinents  on  <jl»ar-  sccLVit 
cmaL  The  process  wliich  they  followed  wms  this :  fill  a  porce- 
I  lain  tube  with  charcoal,  and  make  it  pass  through  a  furnace  in 
bsiich  a  way  that  one  end  si  mil  be  considerably  elevated  a1)ove 
Itlie  other,  IVi  the  lower  extremity  lute  a  wide  glass  tube,  of 
[itfuch  a  length  and  shape  that  its  end  can  be  plunged  to  the 
|lK)ttom  of  a  bottle  of  water.  To  the  elevated  extremity  lute 
laiiother  \iHde  glass  tube  filled  with  snudl  bits  of  sidjihur,  and 
I  secured  at  the  further  end,  so  that  the  sulphur  may  be  pushed 
[forward  by  means  of  a  w^re,  without  allowing  the  inside  of  the 
I  tube  to  communicate  with  the  external  air.  Heat  the  porcelain 
jlube^  and  consequently  the  charcoal  which  it  contains,  to  red- 
l^es^  and  continue  the  heat  till  air-bubbles  cease  to  come  from 
charcoal;  then  push  the  sulphur  slowly,  and  piece  after 
Ipiece,  into  the  porcelain  tube.  A  substance  passes  through 
ae  glass  tube,  and  condenses  under  the  water  of  the  bottle  into 
liquid.* 

This  liquid  wasobuuned  by  Lampadius  in  1796,  wlnle  distil- 

ng  a  mixture  of  pyrites  and  eluireoal,  and  described  by  luin 

er  the  name  of  aitv/iol  of  sttlphur.f     I'Vom  a  later  and 

!  detailed  set  of  experiments  on  it^  lie  drew,  as  a  eoncIu!*ion, 

il  It  is  a  compound  of  sulphur  and  hydragen4     But  Clement 

[id    Desorme«¥  considered  it  as  a  compound  of  sulphur  and 

eluucoal ;  and  inform  us,  that  when  it  is  exposed  to  evajiorate 

1  open  vessels  a  portion  of  charcoal  remains  behintl.   BerthoUet 

fuDior,  who  made  some  experiments  on  it,  adopted  the  opinion 

Lampadius.§       But  the  subject  was  resumed  by  CInzelj|| 

rbo  ptildi.shed  an  elaborate  set  of  experiments  on  it  in  lBlt2. 

i^erthcdlet,  Thenard,  and  Vauquelin,  who  were  apjiointed  by 

lie  French  Institute  to  examine  Cluzel's  paper,  repeated  some 

his  experiments,  imd  drew,  as  a  conclusion,  that  the  liquid 

[in  qtiestion  is  a  compound  of  about  15  carl>onand  85  sul|>hur.^ 

[Soon  after  a  very  complete  set  of  experiments  on  it  were  pub- 

Mij^hed  by  Professor  Benceliits  and  Dr.  Marcel.**     Their  results 

U  exactly  agreed  with  those  of  the  I'rench  chemists,  and 

we  no  doubt  that  this  liquid  is  a  compound  of  sulphur  luid 

n,  and  tlmt  it  contidns  no  other  ingredient. 
BUulpburet  of  cai'bon,   when   prepared  by   the  [jrocess  of 
I  Clement  imd  Desormes,  has  at  first  a  yellow  coloiu-,  owing  to 


*  Ann.  de  Chim.  xliL  136, 
}  f)etileo*ii  Jour,  ii  192. 
I  Ami.  dc  Chilli,  hxxiv.  72,  1 13. 
••PfiiLTnmf.  I8ia.  p.  171. 


f  Crell*a  Annals,  1796,  ii.  136. 
§  Mem.  d*Arciicil,  i.  304. 
1l  Ibid.  Ixxxiii.  ^52. 
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an  excess  of  sulphur  which  it  eoufains*  But  when  rectified, 
by  being  tlLstilied  iu  ii  retort  at  a  temperature  not  exceeding 
110%  it  is  o})taiued  in  a  iitiite  of  purity. 

Bisulphuret  of  carbon  is  a  liquid  as  trauf^parent  and  colour- 
less as  water.  Its  taste  is  acid,  punirent,  and  somewhat  aro- 
matic. Its  smell  is  nauseous  and  fetid,  though  quite  peculiar- 
Its  s])t*cifie  gravity,  according  to  Bencelius  and  Marcet,  is  1  -'i/'i,* 
according  to  Ckizel  I'^tiO,!  the  specific  gravity  of  water  being  1. 
Its  expansive  force  at  the  temperature  of  63'5°  is  equal  to  a 
pressure  of  7*36  inches  of  mercury*  So  that  air,  to  which  it 
is  admitted  at  that  temperature,  will  be  dilated  by  about  \  of  its 
Volume.f  It  boils  briskly  at  a  temperature  between  105**  and 
110**.  It  does  not  congeal  when  cooled  down  to  —  60^,  It 
is  one  of  the  most  volatile  liquids  known,  and  produces  a  greater 
degree  of  cold,  by  its  evaporation,  than  any  other  substiince. 
The  bulb  of  a  thermometer  being  enveloped  in  fine  lintj  dijiped 
in  tlds  liquid,  and  suspended  in  the  air,  sinks  from  60**  to 
about  zero.  If  it  be  introduced  under  the  receiver  of  an  air- 
pump,  and  the  receiver  rapidly  exhausted,  the  thermometer 
■wiU  sink  to  —  8*2'^  in  less  than  two  minutes»§ 

Bisulphin-et  oi  carbon  takes  fire  in  the  open  air,  at  a  tem- 
perature scarcely  exceeding  that  at  which  mercury  boiLs,  It 
burns  with  a  blue  flame,  giving  out  the  smell  of  sulphurous 
acid.  Its  vapour  detonates  wlien  mixed  with  oxygen  gas,  aud 
an  electric  spark  is  passed  tlirough  it.  The  products  are  sul- 
phurous acid  and  carbonic  acid,  and  ciirbouic  oxide,  if  the 
oxygen  be  in  small  proportion  ;  \nit  if  six  or  seven  times  the 
bulk  of  the  vapouj"j  the  whole  of  the  carbon  is  converted  into 
carbonic  acid, 

Bisulphuret  of  carbon  is  scarcely  soluble  in  water,  hut  alcohol 
and  ether  disscdve  it  readily*  Ether  is  capalde  of  taking  up 
three  times  its  bulk  of  this  liquirl  without  becoming  turbid.  It 
readily  unites  with  chloride  of  azote,  ami  prevent.s  that  liquid 
from  tletonating,  when  it  comes  iu  eontiict  with  oils  or  phos- 
phorus. II 

When  passed  through  red~lH»t  copj>er,  it  com!>ines  with  that 
metal,  fornung  a  earbosulphuret  of  metal.  By  tins  metliod, 
Berth<dlet,  l^heuard,  and  A'anqiu^lin,  succeeded  iii^isccrtaining 
its  composition.     When  jiasscd  very  slowly  through  red  oxide 

*  PliiL  Trims*  1813,  p,  173.        f  Ann*  de  Chinu  Ixxxiv.  83. 

f  Berzelius  and  Marcet,  Phil,  Trans*  1813,  p.  175, 

§  Murcct,  Phil.  Trans.  IB  13,  p.  2i:*. 

I  Berzclius  and  Marcet,  Phil,  Trans,  18 IJ,  p.  175* 
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of  iron,  it  h  also  eompleteiy  clec*jmposecl,  and  converted  partly 
into  tfulpliuret  of  iron,  and  partly  into  sulp!iuron.s  aeitl  and 
c;irfM>nic  acid  gases.     By  tlii^  process,  Berzelius  succeeded  in 

►  decompo*»iiig  it,  and  ascertained  it  to  be  a  compound  of 

I  SuJphur         .         .         84'6i3 

Carbon  ,         .         15-17 

This  result  almost  coincides  v^-idi  that  of  the  French  e!ie- 

I  midts.     Now  we  have  found  that  an  atf^m  of  sniphur  weighs  it 

1  ami  an  atom  of  carbon  0*75,  On  the  supposition  that  sulphurefc 
of  carbon  is  a  compound  of  2  atoms  sulphur,  and  I  atom  carbon, 
itn  constituents  would  be 

I  Sulphur  4  .         .         84-21 

I  Carbon    0-75         .         -  15-79 

But  these  numbers  approach  so  nearly  to  Berzelius*  analysis, 

'  that  we  may  safely  con^^ider  them  as  exact, 

2,  There  seems  likewise  to  l>e  a  solid  combination  of  sulphur 

I  smd  carbon,  but  it^  properties  have  not  been  examined.  Gun- 
powder IS  made  by  triturating  togt-ther  salrjK'tre,  charcoal,  and 
sulphur,  so  as  to  make  as  intimate  a  mixture  as  possible.     From 

I  giuipowder  it  is  easy  by  means  of  hot  water  to  wash  out  all  the 
saltpetre,     A  black  matter  remains,  which  in  a  compouiid  of 

,  fiulphur  and  charccmh  so  intimate  that  the  sulphur  eiumot  be 

I  separated  by  sublimation.  This  seems  to  be  a  compound  of 
cairbon  and  sulphur  in  the  pr<»portion  of  about  5  at*uns  carbon 
to  1  atom  sulphur;  but  its  nature  has  not  been  particuhirly 
observed  by  modern  chemists.  A  similar  compound  seems  to 
be  formed  when  bisulphuret  of  carbon  is  made  by  the  process 
of  Clement  and  Desornies.  When  the  charcoal  remaining 
after  this  process  is  heated  witli  saltpetre,  both  sulphuric  and 
larbonic  acids  are  fonned. 

8-  From  an  experiment  of  Scheele,  which  has  not  been 
attended  to  by  modern  chemists^  it  seems  not  unlikely  tbiit 
there  exists  also  a  giLseous  compound  of  sulphur  and  wirbon. 
He  mixed  together  sulphuret  of  potassium^  and  well  burnt  and 
pounded  charcoal,  and  distilled  the  mixture  in  a  retort,  A  gas 
WB8  obtaiJied  whicli  had  tlie  smell  of  sulphuretted  liydrogen ; 
bat  wliich  wna  not  absorlu'd  l>y  \*'ater,  and  did  not  |nJssess  acid 
properties.  Tlus  gas  Ls  infliunma!>le,  and  when  burnt  tiie  pro- 
ducts are  carbonic  acid  gas  and  sulphurous  acid.  Chlorine 
deoomposes  it  instantly,  and  a  portion  of  sulphur  is  deposited.* 
Tlus  gaa  deserves  to  l>e  more  particularly  examined* 
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^^P-"-        Professor  Zeise  of  Copenhagen  has  shown  that  bisulphuret 
of  carbon  is  capable  of  forming  a  new  acid,  to  which  the  name 
hydro-carbosulphuric  acid  has  been  given.    I  reserve  the  account 
of  it  to  a  subsequent  part  of  this  work. 
3u]pharetor       IX.  When  boron  is  heated  to  whiteness  in  the  vapour  of 
sulphur  it  takes  fire  and  bums  with  a  red  flame.    The  sulphuret 
formed  is  white  and  opaque.      If  this  sulphuret  be  kept  red- 
hot  till  the  vapour  of  sulphur  with  which  it  is  surrounded  be 
condensed  on  the  colder  parts  of  the  apparatus,  it  dissolves  in 
water  with  the  violent  evolution  of  sulphuretted  hydrogen  gas, 
and  a  clear  liquid  is  obtained  holding  boracic  acid  in  scdution. 
From  this  it  would  appear  that  the  sulphuret  is  a  compound  of 
1  atom  sulphur         •         .         2 
1  atom  boron  •        •         1 

3 

The  sulphuret  of  boron,  on  the  contrary,  which  is  withdrawn 
from  the  fire  as  soon  as  the  combustion  is  at  an  end,  when  dis- 
solved in  water,  not  only  gives  out  abundance  of  sulphuretted 
hydrogen  and  forms  boracic  acid,  but  deposites  also  a  quantity 
of  sulphur.  It  must  therefore  be  either  a  sesquisulphuret  or 
bisulphuret  of  boron.* 
gj|^*«*  ^  X.  When  silicon  is  heated  in  the  vapour  of  sulphur  it  catches 
fire  and  burns  with  a  red  coloured  flame.  The  product  is  a 
white  coloured  earthy  looking  matter,  which  may  be  preserved 
unaltered  in  a  dry  atmosphere.  In  a  red  heat  it  is  slowly 
decomposed,  sulphurous  acid  being  given  out  and  silica  remain- 
ing. The  same  decomposition  takes  place  in  a  moist  atmo- 
sphere. When  put  into  water  it  is  decomposed  with  great 
rapidity,  dissolving  completely  with  a  great  disengagement  of 
sulphuretted  hydrogen  gas.  The  silicic  acid  formed  is  very 
soluble  in  water,  so  that  if  the  quantity  of  water  be  small  the 
whole  assumes  the  form  of  a  jelly.  It  is  completely  resolved 
into  sulphuretted  hydrogen  and  silica.  Hence  tlie  sulphuret 
of  silicon  is  a  compound  of 

1  atom  sulphur        .         .         2 
1  atom  silicon  •         .         1 

.         3t 
Thus  both  in  its  constitution  and  properties  it  is  very  analogous 
to  the  sulphuret  of  boron. 

•  Berzdius ;  Annals  of  Philosophy  (2d  series),  x.  129. 
t  Ibid.  1 19. 
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XI.  Snlpluir  mid  pliosplionis  rearlily  combine  uith  each 
otlier,  as  wiis  first  iiscertaiiied  liy  Margniiif.*  Pelletier  after- 
wanln  examined  tlie  coniliinatiaii  with  eare.f  Some  curious 
cthsiTvut ions  were  published  on  the  formation  of  this  eompoiind 
by  Mr,  Aceum;|  and  soon  after  the  eircumstajices  under  wbieh 
it  tJikes  place  were  explained  wifh  precLsion  by  Dr.  Brigt^^,} 

All  diat  is  necessary  is  to  mL\  tlie  two  substances  toilet !ier, 
and  apply  a  degree  of  heat  sufficient  to  melt  them,  as  Pelletier 
first  observed.  The  compound  lias  a  yellowish  w^iite  colour, 
and  a  crystidlized  appearance, ||  The  combination  may  be 
obtained  by  heating  die  mixture  in  a  ghiss  tube,  haviiipr  its 
moutli  properly  secured  from  the  air.  The  sulphuret  of  phos- 
phorus, thus  prepared,  is  more  combustible  than  phosphorus. 
If  it  be  set  on  fire  by  means  of  a  hot  wire,  allowed  to  burn  for 
a  little,  and  then  extingtiished  by  excluding"  the  air,  the  ]>ho8- 
plioru^,  and  perhaps  the  sulphur,  seem  to  be  oxidized,  and  the 
mixture  acquires  the  property  of  tiikiug  fire  spontitneously  as 
Boon  na  it  corner  in  contiict  with  air.^ 

Tbe  eombiuation  may  be  procured  also  by  putting  the  two 
bodies  into  a  retort,  or  flask,  fiUed  wth  water,  and  applying 
heat  cautiously  and  slowly.  They  combine  together  gradually 
IIS  soon  as  the  phosphorus  is  melted.  It  is  necessary  to  afiply 
the  heat  cautiously,  because  the  sulphuret  of  pliospliorus  has 
the  property  of  deci>mposing  water,  as  had  been  observed  by 
Miu-graaf,  and  ascertahicd  by  Pelletier,  The  rate  of  <lecom- 
poflitioii  increases  very  rapidly  ^nth  the  temperature,  a  portion 
of  the  two  combustibles  being  converted  into  acids  by  uniting 
to  the  oxygen :  the  hydrogen  at  the  moment  of  its  evolution 
unites  with  sulphur  and  phosphorus,  and  forms  stdphuretted 
and  phosp>huretted  hydrogen  gitnes.  This  evolution,  at  the 
boiling  temperature,  is  so  rapid  as  to  occasion  violent  explosions. 

The  sulphuret  of  phosphorus  may  be  distilled  over  ^lithout 
decomposition.  Indeed  it  was  by  distillation  tliat  Margraaf 
first  obtained  it,  Sidphur  and  phosphorus,  by  combining, 
acquire  a  considerable  tendency  to  liquidity  ;  and  this  tendency 
is  a  maximum  when  tJie  tu'o  botlies  are  combined  in  equal 
proportions.  The  following  table  exhibits  tlie  result  of  Pelle- 
tier's  experiments  on  the  temperatures  at  which  the  compound 
becomes  solitl  when  the  substances  are  united  in  various  pro- 
portions,* * 

•  Opusc.  i,  11.  t  Jour,  tic  Pbys.  xxxv.  382.  t  Nicobon,  ?i, 

^  Ibid,  fii,  56.  ||  Bnggs,  Nicholson,  vii.  58* 

5  Briggs,  Nicholfon,  vii.  jf*,  •^  Ann.  dc  Chioi.  iv,  I  a 
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I  ^n  ■  ■  ■  •'»• 

tt     Phosphorus") 

4     Sulphur       5    •    •    •    at5U- 

8  Phosphrous^  ^^^j^ 

8  Sulphur       5  '    ' 

4  Phosphorus  7  of  54.50 

8  Sulphur       5  .    •    •   at54  6 

2f  Phosphorus^  at99.5« 

8     Sulphur       ^    .    •    •   at5*»^ 

It  is  obvious  that  when  the  two  substances  are  unitec 
together  in  this  way,  they  are  mixed  with  oxide  of  phosphoru 
and  probably  with  other  impurities.  But  Mr.  Faraday  bi 
pointed  out  a  method  of  procuring  die  sulpliuret  of  phospliO' 
rus  in  a  state  of  purity.  He  melted  together  5  parts  of  sul- 
phur and  7  of  phosphorus,  and  agitated  the  compound  11 
liquid  ammonia.  On  leaving  the  compound  for  a  few  boon 
in  this  liquid  it  lost  its  reddbh  brown  colour,  became  l%b 
yellow,  transparent,  and  of  greater  fluidity.  Thus  purified,  il 
did  not  become  solid  at  the  temperature  of  20°,  and  was  toj 
fluid  at  32^.  On  standing  some  weeks  in  a  bottle  of  water  it 
deposited  pure  crystal  of  sulphur,  and  a  compound  renuuned 
not  so  fluid  as  the  former,  and  which,  at  the  temperature  d 
about  40°,  became  a  crystalline  mass.  Mr.  Faraday  endet* 
voured  to  analyze  this  compound;  but  his  experiments  were 
not  attended  with  complete  success.  However,  he  succeeded 
in  showing  that  the  proportion  of  the  two  constituents  approaditf 
4  sulphur  and  8  phosphorus.  This  would  be  a  disulphuret  oi 
phosphorus,  or  a  compound  of 

1  atom  sulphur  .         •  2 

2  atoms  phosphorus  .         .  4 

6 

I  analyzed  a  specimen  of  the  compound  whiich  I  formed  b; 

Mr.  Faraday's  process,    and  found  it  a  sesquiphosphuret  d 

sulphur,  or  a  compound  of 

1^  atom  phosphorus         .         .  3 

I    atom  sulphur  .         .  2 

5 

Probably  still  other  proportions  arc  capable  of  combining. 
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XII.  According  to  Bnig'iiateUi,  there  may  Ih^  formed  a 
gaseous  triple  compound  of  pliosphonis*  sulphur,  and  hydrogen, 
to  which  the  name  of  ht/droph(*spht/rft  of  sni/fhitrm:\y  be  given. 
The  process  is  as  follows ;  Put  into  a  small  flfisk  or  retort,  a 
mixture  of  an  ounce  and  a  half  of  quieUinie  recently  slacked, 
40  grains  of  phosphorus*  and  1'20  grains  of  sulphuret  of  potas- 
sium dry  and  pulverized.  Pour  upon  this  mixture  half  an 
ounce  of  water,  and  rabe  the  whole  to  a  boiling  tempeniture. 
There  rise  in  the  fir§t  place  thick  fumes  of  phosphorus,  wliich 
burn  in  consequence  of  the  air  contained  in  the  vessel;  then 
the  gaii  is  evolved,  which  Brugnatelli  coiiMidered  as  a  hydro- 
phosp buret  of  sulphur.  It  must  be  wa-^hed  with  ILme- water  to 
separate  some  sulphuretted  hydrogen  gas  and  phos[ilii>ric  acid 
with  which  It  is  mixed.  The  only  properties  of  this  gas  which 
lie  luis  described,  are  the  following  : 

It  is  invisible  and  possesses  the  mechanical  properties  of 
cammoD  air.  It  does  not  barn  spontaneously ;  hut  when  mixed 
with  common  air  or  oxygen  gas,  and  kiudledj  it  explodes  with 
great  violence.  When  a  flask  with  a  narrow  moutli  is  filled 
with  it,  and  held  to  the  flame  of  a  candle,  it  tidies  fire,  and 
burns  with  a  feeble  phosphoric  flame,  and  the  flask  is  filled 
w^ith  wliite  fumes  consistiiig  of  phosphoric  acid,  sulphurous  acid» 
and  water.  Water  does  not  sensibly  absorb  this  gas.  When 
agitated  \iith  ditferent  metallic  solutions  it  precipitates  them. 
Though  these  properties  are  ijisutficient  to  demonstrate  that 
this  gas  is  new,  and  not  a  mixture  of  two  or  more  gases 
already  known ;  yet  I  have  thought  it  right  to  notice  the  gas 
here  in  order  to  draw  the  attention  of  cliemijfits  to  it,  and  induce 
some  pereon  to  subject  it  to  the  requisite  examination,  in  order 
to  confirm  or  refute  the  opinion  of  Bnignatelli. 

XI IL  Chlorophosphunt  of  sulphur.  We  have  also  a  triple 
compound  of  chlorine,  pho.sphorus,  and  sulphur,  discovered  liy 
SeruUas,  and  called  by  him  ehlorophosphuret  of  sulphur.  To 
form  it  we  have  only  to  put  a  quantity  of  perchloride  of  phos- 
phorus into  a  glass  vessel  filled  with  dry  sulphuretted  hyilrogeri 
gas,  and  to  shut  the  mouth  of  the  vessel.  In  a  little  time  the 
perchloride  is  convertetl  into  a  ci>lourless  liqidd,  while  at  the 
same  time,  a  quantity^  of  muriatic  acid  is  formed.  This  liquid 
is  the  chlorophasphuret  of  sulphur. 

It  has  a  specific  gravity  higher  tlian  that  of  water,  a 
peculiar  smell  which  is  pungent  and  aromatic.  In  iiii.^  o}ien 
air  it  gives  out  vapours  which  have  sometldng  of  the  smell  of 
sid]diuretted  hydrogeiu     It  boik  when  heated  to  257°,     It 
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c»»«p-  "•    may  be  distilled  over  without  any  alteration.     When  paned 
through  hot  bhick  oxide  of  copper,  no  water  is  formed,  nor  any 
gas  given  out,  showing  that  it  contains  no  hydrc^^n.     From 
die  analysis  of  Serullas,  it  appears  to  be  a  compound  of 
1  ^  atom  chlorine  .         .  6*75 

1    atom  sulphur  .         .  2 

1    atom  phosphorus        •         •  2 


10-75 

Its  atomic  weight  is  10-75.  During  its  formation  on  atom  d 
chlorine  had  been  separated  from  the  phosphorus,  and  an  aton 
of  sulphur  substituted.  The  hydrogen  of  the  sulphimtteJ 
hydrogen  decomposed  was  converted  into  muriatic  acid  I7 
combining  with  chlorine  disengaged.* 
S^SShu^  XIV.  Oxichloride  of  sulphuretted  carbon.  There  is  sdD 
tod  carbon,  another  com])ound  into  which  tliis  most  prolific  substance  entffi 
— composed  of  no  fewer  tlian  4  elements ;  namely,  oxygeOf 
chlorine,  carbon,  and  sulphur,  in  determinate  proportioos.  b 
was  discovered  in  1812  by  Berzelius  and  Marcet.  Themediod 
of  forming  it  is  this :  Put  into  a  vessel  incompletely  closed  I 
part  of  bisulphuret  of  carbon,  and  pour  over  it  16  parts  of  a 
mixture  of  nitric  and  muriatic  acids,  both  concentrated,  and  set 
the  whole  aside  for  two  or  tliree  weeks.  The  bisalphmct 
acquires  in  the  first  phice  a  reddish  yellow  colour,  and  gnds- 
ally  assumes  greater  consistence,  till  in  about  three  weeks  it  if 
converted  into  a  white  crystalline  substance  like  canqpliit 
This  is  the  substance  in  question. 

It  has  an  acrid  and  disagreeable  odour  somenrliat  analogotf 
to  that  of  chloride  of  sulphur.  Its  taste  is  first  caustic  andtki 
sour.  It  does  not  act  on  dry  litmus  paper;  when  the  papff 
is  moLst  it  instantly  reddens  it.  Heat  readily  melts  it,  and  on 
cooHng  it  again  crystallizes.  It  may  be  distilled  over  by* 
strong  heat  without  undergoing  decomposition.  When  heated 
in  close  vessels  it  sul)limes  like  camphor,  and  crystallizes  0 
the  sides  of  the  vessel.  The  crystals  are  transparent  and  cok«^ 
less,  and  a])pear  to  be  cul)es.  It  is  insoluble  in  water ;  thou^ 
it  is  decomposed  when  left  long  in  contact  with  that  liquid. 

It  dissolves  in  alcohol,  ether,  fixed  and  volatile  oils,  and  ia 
bisulphuret  of  carbon.  Its  solution  in  alcohol  has  a  vcrj*  arii 
taste,  and  at  the  same  time  very  disagreeable.  Wlien  mixeJ 
with  an  alcoholic  solution  of  nitrate  of  silver,  no  precipitate 
appears  at  first,  but  chloride  of  silver  gradually  makes  \^ 
*  Ann.  (Ic  Chini.  ct  tic  Phvs.  xlii.  25. 
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appearaiKH?.  Water  throws  most  of  itdoim  from  the  aloo!»olic  st^viit. 
solutum.  Caustic  jHita^li  dissolves  it  slowly.  The  solution 
contains  chlorine,  carhoiiie  acid^  aiid  sulphurous  acid.  When 
passed  through  rt'd-hot  irou  filinjrs  or  wire,  it  undergoes  tlecom- 
piwsUion^  chloride  and  sulpLuret  of  iron  are  formed,  while 
carbonic  acid  and  cjirbonie  oxide  gases  arc  disengaged.  By 
this  method  Berzelius  analy2ed  it,  and  found  its  constituents 
to  be 

'2  atoms  chlorine         .         .         9 

2  atoms  oxygen         .         •         2 

1  atom  sulphur  .         .         12 

I  atom  carbon  .         .         0-75 


i;>75 


So  that  It  contains  d  atoms,  and  its  atomic  w^eight  is  1 3- 75. 

IVrhaps  it  may  l>e  a  compound  of  1  atom  of  cldoroearbonic 
acid,  and  1  atom  of  a  similar  but  unknown  Nub,slance,  composed 
of  1  atom  chlorine,  one  atom  oxygen,  and  one  atom  suipliur, 
and  which  might  be  ctdled  rhiorosnlphnrofis  acid. 

Such  are  the  properties  of  sulphur^  and  such  the  compomidd 
which  it  forms  with  those  bodies  already  described.  Many 
more  of  \ts  comj)Oundi*  will  come  into  view  as  we  proceed* 
For  there  is  scarcely  any  body,  except  oxygen,  capable  of 
cnterbig  into  so  many  comhiuations  as  sulphur, 

SECTION  VIM- — OF  SELENIUM. 

The  copper  mine  at  Fahhm  in  Sweden  contains  abundance  nutory. 
of  iron  pyrites,  from  which  sulphur  was  extriciited  by  heat  to 
supply  a  smidl  sulphuric  acid  manufactory  belonging  to  Messrs, 
Cfahn,  Eggertz,  and  Berzelius,  After  the  combustion  of  this 
sulphur  (m  hicli  was  very  impure)  Uiere  remained  at  the  bottom 
of  the  leaden  chamber  a  red  or  brov^niisli  matter,  which  attracted 
the  attention  of  Professor  Berzelius.  It  was  fouiid  to  cou.sist 
cliiefly  of  sulphur.  But  when  the  sulphur  w^as  drawn  off,  tliere 
remained  a  dark  coloured  matter,  which,  when  heated  before 
tlie  blow-pipe,  emitted  a  very  strong  smell  of  horseradish.  ThLs 
smell  led  to  a  more  rigid  examination  of  the  deposite,  in  order 
to  separate  the  substance  to  w^iich  this  smell  was  owing,  and 
to  investigate  its  properties.  In  this  ijivestigation  he  w*as 
successful.  He  separated  a  combustible  substance  possessed 
of  peculiar  properties,  to  which  he  gave  the  name  of  Meieniitnu^ 

The   selenium   in  the   residue  from  the   manufactory  was 

9  From  ffiXitn},  tke  moon  ;  indicatiag  its  relation  to  tdltiriuoi. 
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^^'^•"-    imxed  with  at  least  eight  foreign  substances,  from  whidi  il 
was  separated  by  a  very  complicated  and  tedious  process,  fiat 
the  essentiid  part  of  the  whole  was  digesting^  the  resdue  in 
nitro-inuriatic  acid,  by  which  the  selenium  -was  acidified,   lie 
mass  was  now  digested  in  water,  and  the  M'hole  thrown  uponi 
filter.    The  liquor  which  passed  through  contained  the  selenie 
acid,  still  contaminated  with  several  other  bodies*     But  if  IB 
excess  of  sal-ammoniac  be  added  to  the  liquid,  the  selenium  ii 
thrown  down  and  may  be  obtained  pure  by  washing  it  snS* 
ciently  in  water.* 
PNpanOoffi.        M.  Lewenau  found  the  following  process  the  most  economical 
for  obtaining  this  substance.     He  put  a  pound  of  the  reddijk 
brown  residue  from  the  combustion  of  sulphur  from  pyrita 
into  a  tubuliited  retort,  and  poured  over  it,  by  small  quandtief 
at  a  time,  a  mixture  of  8  pounds  of  muriatic  acid  of  the  spedfc 
gravity  1*2,  and  4  pounds  of  nitric  acid  of  the  specific  gra^tr 
1"5.     To  the  retort  was  adapted  a  large  globular  receirai 
from  which  ])roceeded  a  glass  tube,  plunging  into  a  flask  filM 
with  water.     After  every  addition  of  acid   a  violent  acdm 
took  place,  and  abundance  of  red  vapours  passed,  which  gsvv 
a  reddish  yellow  colour  to  the  water  in  the  flask.     After  tk 
whole  acid  had  been  added,  it  was  distilled   over  into  i* 
receiver  by  a  gentle  heat     The  liquid  in  the  receiver « 
then  poured  Imck  and  redistilled;  then  a  pound  and  a  halfdi 
strong  nitric  acid  was  poured  upon  the  matter  in  the  retoit 
which  had  a  deep  red  colour,  and  distilled  off.      The  read* 
was  finally  boiled  with  a  sufficient  quantity  of  distilled  watei 
and  the  whole  thrown  on  the  filter. 

Into  the  liquid  which  contained  the  selenium  in  the  state  d 
selenious  acid  fresh  sulphite  of  ammoiiia  wtis  poured.  TV 
selenium  was  ]>rocipitated  in  the  state  of  largo  red  flakes.  It 
was  washed  with  distilled  water,  and  dried ;  when  the  liquid 
was  concentrated  by  evaporation,  and  sulphite  of  ammoim 
added,  an  ad<litional  portion  of  selenium  was  precipitated 
Tlie  acid  products  of  the  distillation  not  being  precipitated  kjr 
sulphite  of  ammonia,  bars  of  zinc  were  put  into  it,  which  thrff 
down  a  little  more  selenium.  The  quantity  obtained  from* 
pound  of  the  red  matter  by  this  process  amounted  to  59W 
grains.f 

When  selenium,  thus  obtained,  is  exposed  to  a  heat  radiff 

•  Berzeliiis,  Annals  of  Philosophy,  xiii.  403, 
f  Annals  of  Philosophy  (-i?d  series),  viii.  104, 
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liigfaer  than  that  of  boiling  water,  it  melts,  and  on  cooling  ^^  ^''*'* 
becomes  solid.  In  thii^  state  it  luis  the  metallir  histre  and  a 
deep  brown  colour.  Its  fracture  is  cunehoidal,  has  a  vitreous 
lustre,  and  the  colour  of  lead.  Its  powder  is  a  deep  red; 
but  it  sticks  toofether  readilv  when  pounded,  and  then  a.s8iirae8 
31  gr«*y  colour  and  a  smooth  surface.  In  very  thin  coats  it  is 
transparent,  mth  a  nil»y  red  colour. 

It  crystallizes  with  difficulty  in  ctdies  or  four-sided  prisms, 
terminated  by  pyramids.  But  the  crystals  are  always  too 
minute  to  enable  ua  to  determine  the  shape  with  accuracy. 
Its  fipecific  gra\'ity  varies  from  4-3  to  4*32. 

It  is  easily  scmtched  by  a  knife.  It  is  brittle  like  glass,  and 
easily  reduced  to  powder. 

'WTien  heated,  it  softens;  at  212°  it  is  semi-liquid;  and  it 
melt<«  completely  at  a  temperature  a  few  degrees  higher.  After 
cooling,  it  retaiTus  for  a  long  time  a  soft  and  semiBuid  state. 
Like  Spanish  wax,  it  may  be  kneaded  between  the  fingers  and 
drawn  out  into  long  threads,  which  have  a  great  deal  of  elas- 
ticity, and  possess  transparency  when  tliey  are  flat  and  tliin. 
Tliese  threads,  viewed  by  transmitted  light,  are  red;  but  liy 
fleeted  light  they  are  grey^  and  have  the  metallic  lustre, 
r^'hen  selenium  is  heated  in  a  retort.  It  l)egins  to  Imil  at  a 
temperature  below  that  of  a  red  heat.  It  assumes  tlie  form  of 
a  dark  yellow  vapour,  not  so  intense  as  the  vaponr  of  sulphur; 
but  more  intense  than  chlorine  gas.  The  vafioiir  condenses  in 
the  neck  of  the  retort  in  black  drops,  which  unite  itUo  hirger 
drops,  as  in  the  distillation  of  mercury.  When  selenium  is 
heated  in  the  air,  or  in  vessels  so  large  that  tlte  vapour  may 
W*  cotulensed  by  the  cold  air,  a  red  smoke  is  formed  which  lias 
no  particular  smell,  and  which  is  condensed  into  a  cinnabar 
red  colour,  yielding  a  species  of  floorers,  as  happens  to  sulphur 
in  tlie  same  circumstance. 

Selenium  is  a  verj^  batl  conductor  of  heat.  It  is  likewise  a 
non-conductor  of  electricity;  yet  Berzelius  could  not  succeed 
in  his  attempt  to  reniler  it  electric  by  friction. 

11,   Selenium  combines  with  three  portions  of  oxygen,  and  t^°t™^J**^"" 
forms  three  compounds,  which  have  received  the  names  of 
oxide  of  seientunu  seieniotis  arkf^  and  sthnic  acid, 

1.    BerzeliiLs  did   not   succeed   in   obtaining   the   oxide   of^xwie. 
selenium  in  a  separate  state.     He  considers  it  as  a  gasetms 
body.      It  is  formed  whenever  selenium  is  strongly  lieated  in 
the  open  air,  and  is  distinguished  by  an  exceedingly  strong 

I.  V 
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^^'^^'-    smell  of  horseradish.     It  is  not  absorbed  by  water,  nor  is  it 
capable  of  uniting  with  acids. 

2.  Selenious  acid  may  be  formed  by  burning  selenium  in 
oxygen  gas,  or  by  heating  it  in  contact  with  nitric  acid  or 
nitromuriatic  acid.  When  the  solution  cools,  the  selenious 
acid  is  deposited  in  large  prismatic  crystals,  longitudinally 
striated,  and  similar  to  those  of  nitrate  of  potash.  Selenious 
acid  sublimes  at  a  lower  heat  than  is  necessary  to  distil  over 
sulphuric  acid.  It  condenses  in  the  form  of  long  four-sided 
needles.  Its  vapour  resembles  in  colour  chlorine  gas.  Its 
taste  is  acid,  and  it  leaves  a  slightly  burning  sensation  upon 
the  tongue.     It  is  very  soluble  in  water  and  in  alcohol. 

It  follows  from  a  set  of  experiments  by  Berzelius,  of  which 
an  account  will  be  given  below,  that  selenious  acid  is  a  com- 
pound of 

Selenium        •         .         100 
Oxygen  .         .  40-43 

Now,  if  it  consists  of  2  atoms  of  oxygen  united  to  1  atom  of 
selenium  (as  is  probable),  we  have  an  atom  of  oxygen  to  an 
atom  of  selenium,  as  1  :  4*94.  Hence  an  atom  of  selenium 
should  weigh  4*94,  and  an  atom  of  selenious  acid  6-94.  These 
numbers  are  corroborated  by  the  analyses  of  two  selenites  given 
by  Berzelius.     These  are  as  follows: 


Sdeniteofbtryta. 

Seleniteofioda. 

Selenious  acid  100*0  , 

.  6-899 

Selenious  acid  64*5  . 

.  7-267 

Barytes     137-7  . 

.9-5 

Soda          35-5  . 

•  4-000 

The  first  of  these  analyses  gives  us  6*899,  and  the  second 
7-267  for  the  atomic  weight  of  selenious  acid.  The  mean  of 
the  two  gives  us  7-083.  We  cannot  therefore  be  far  from  the 
truth  if  we  pitch  upon  7  as  the  true  atomic  weight  of  this  acid, 
seienicadd.  3.  Sclenic  acid  was  discovered  by  Mitcherlich  in  1827.* 
The  name  selenic  acid  had  been  previously  given  to  the  pre- 
ceding acid,  the  only  one  noticed  by  Berzelius.  Selenic  acid 
may  be  obtained  by  detonating  an  intimate  mixture  of  1  part 
of  selenium  and  three  parts  of  nitre  in  small  quantities  at  a 
time,  in  a  red-hot  crucible.  The  residue,  which  contains  sele- 
niate  of  potash,  is  to  be  dissolved  in  water  and  nitrate  of  lead 
added  to  the  neutralized  solution  till  all  the  selenic  acid  is 
thrown  down  in  the  state  of  seleniate  of  lead.     This  powder  is 

*  Ann.  de  Chim.  et  de  Phys.  xxxvi.  100. 
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carefully  washed,  diffused  in  wator,  and  a  current  of  sulphur-  s«t.vnL 
etted  hydrogen  gafl  passed  through  it  till  the  whole  lead  18  ' 

coiivertiHl  Into  «^ulphuret,     TJie  lujiiid  being  now  fiUrred  and  _ 

heated  to  drive  off  the  sulphuretted  hydrogen  which  it  coutiiiiis, 
is  an  aqueous  solution  of  sclenic  acid. 

It  may  he  concentrated  by  evaporation  till  its  temperature 
reaches  5:36<»»  But  if  we  raise  the  heat  higher  oxygen  gas  is 
given  out  and  the  acid  changed  to  the  seleniouB.  It<!  specific 
gravity  is  2*<>0.  It  resembles  sulphuric  acid  in  its  consistence 
and  in  the  heat  evolved  when  it  is  mixed  with  water.  It  con- 
tains about  16  per  cent,  of  water,  which  is  rather  less  than  an 
atom  and  a  half  of  water  united  to  an  atom  of  acid.  We  cannot 
reduce  the  water  to  I  atom  without  decomposing  a  portion  of 
the  acid.  This  acid  was  analyzed  by  M,  Miteherlich,  and 
found  by  him  to  be  a  compound  of 

1  atom  selenium  .         .  5 

^  atoms  oxygen  .         .         S 


TTiiifi  it  appears  that  selenious  and  selenic  acids  resemlde  sid- 
phuroiis  ajid  sulphuric  acid  in  their  constitution.  Tliere  is 
also  a  good  deal  of  analogy  in  their  characters.  We  do  not 
know  tlie  composition  uf  oxide  of  selenium  ;  but  analogy  would 
lead  to  the  conclusion  that  it  is  a  compound  of  one  atom  sele- 
nium and  one  atom  oxygen.  On  that  supposition  the  consti- 
tution of  the  three  compounds  of  selenium  and  oxygen  will  be 
as  follows  : 


SekwioTO. 

Oxjgcn. 

Oxide  of  selenium  I  atom 

+  1  atom 

6 

Selenious  acid          1 

+  2 

7 

8elenic  acid              1 

J.3 

B 

III.  Chlorine  and  selenium  appear  to  combine  in  two  dif-  chioridei. 

•  Mitchcriich's  experiments  give  the  composition  of  seleniate  of  potash, 
Selenic  acid         •         ,        8*56 
Potash  .         ,        6 
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1       and  he  found  that  the  conatitxients  of  selenic  acid  were 

Selenium 

, 

61.4 

Oxygen 

38*6 
100 

But  Bcncelius  makes  the  constituents. 

y                                   Seleninm 

100 

OP  4-^ 

Oxygen 

ao-GG  or  3 

292  SIMPLE  ACIDIFIABLE  BASES. 

Chap.  iL    ferent  proportions  and  to  form  a  chloride  and  a  bichloride ;  the 
former  of  which  is  liquid  and  the  latter  solid. 

When  selenium  is  put  into  a  glass  tube,  and  a  current  of 
chlorine  gas  passed  over  it,  the  selenium  absorbs  the  chloiiiie 
and  fuses  into  a  brown  liquid.  By  degrees  this  liquid,  from  a 
farther  absorption  of  chlorine,  is  converted  into  a  solid  matter 
having  a  white  colour.  Wlien  tliis  matter  is  heated  it  subUmei 
without  melting,  and  condenses  into  small  crystals  in  the  uj^ 
part  of  the  vessel.  From  an  imperfect  analysis  of  this  matter 
by  Berzelius,  there  is  reason  for  considering  it  as  a  bichloiiik 
of  selenium  or  compound  of 

2  atoms  chlorine         .         •  9 

1  atom  selenium        .        •  5 

14 

When  seleniimi  is  added  to  this  bichloride  it  combines  with  it 
when  assisted  by  heat,  and  a  deep  yellow  translucid  liquid  ii 
obtained  which  may  be  distilled  over,  though  it  is  mudi  ks 
volatile  than  the  bichloride.  It  falls  to  the  bottom  of  mta^ 
and  continues  for  some  time  liquid,  but  at  last  is  deccHnpoffJ 
into  muriatic  and  selenious  acids  which  dissolve  in  water,  aai 
selenium  which  remains  undissolved.  This  liquid,  aoooidiig 
to  Berzelius,  is  a  compound  of 

1  volume  chlorine  gas,         ">  united  t(^ether  and  condenKJ 
1  volume  selenium  vapour,  5  into  a  liquid.    If  this  stateflMit 
be  correct,  it  is  obviously  a  compound  of 

1  atom  chlorine  .         .  4*5 

1  atom  selenium         .         .  5 

9-5 

and  its  atomic  weight  must  be  9'5. 
Bromide.  IV.  Bromldc  of  sclenium  was  formed  by  SeruUas  by  pov* 

ing  bromine  upon  selenium  in  powder  contained  in  a  glass  tnk* 
The  two  bodies  combine  rapidly  with  a  noise  similar  to  that  </ 
a  red-hot  iron  wlien  plunged  into  water.  Much  heat  is  evohH 
and  the  whole  becomes  solid.  The  bromide  formed  hi^ 
reddish  brown  colour,  gives  out  vapours,  and  has  the  smell  li 
chloride  of  sulphur.  Water  dissolves  it,  converting  it  u» 
selenious  acid  and  hydrobromic  acid.*  From  this  decompofl- 
tion  the  bromide  ought  to  be  a  compound  of 

*  Ann.  de  Chitn.  et  de  Phys.  xxxv.  349. 
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XL  Sidplmr  and  phosphorui;  readily  comhiiie  with  cacli  *^  ^"- 
otlier,  as  was  first  ascertained  by  Mjir^raaf.*  Pelietier  after-  ^oiphum « 
Wiirds  examined  the  combination  with  c^re.f  Some  curious  '"^i'*^"'- 
observations  were  pul>lbihed  on  the  formation  of  this  compound 
by  Mr,  Aecum;^  and  soon  after  the  circumstances  under  wliieli 
It  takes  phice  were  explained  with  precision  by  Dr.  Brig^s.J 

All  that  is  uecessfiry  i'^  to  mix  the  two  substances  tog^ether, 
and  apply  a  degree  of  lieat  sufficient  to  melt  them,  as  Pelletier 
first  observed.  The  compound  has  a  yellowish  white  colour, 
and  a  erystalli^Ked  appearance.  ||  The  combination  may  be 
obtained  by  heating  the  mixture  in  a  gla^s  tnbcj  having  its 
mouth  properly  secured  from  the  air*  Tlie  sulphuret  of  phos- 
phorus, thus  prepared,  is  more  combustible  than  phosphorus* 
If  it  be  set  on  fire  by  means  of  a  hot  wire,  allowed  to  burn  for 
a  little,  and  tlien  extinguished  by  excluding  the  air,  the  phos- 
|>horus,  and  perhaps  the  sulphur,  seem  to  be  oxidixed,  and  the 
mixture  acquires  the  property  of  taking  fire  spontaneously  as 
sm)n  as  it  comes  in  contact  with  air.f 

The  combination  may  be  procured  also  by  putting  the  two 
botlics  into  a  retort,  or  flask,  filled  with  water,  and  applying 
heat  cautiously  and  slowly.  They  combine  together  gradually 
a»  soon  as  tlie  phosphorus  is  melted.  It  is  necessary  to  apply 
the  heat  cautiously,  because  the  sulphuret  of  phosphorus  has 
the  property  of  decomposing  water,  as  had  been  observed  by 
Margnuif,  and  ascertained  by  Pelletier.  The  rate  of  decom- 
position increases  very  rapidly  with  the  temperature,  a  portion 
of  the  t\%'o  combu^tiljles  being  converted  itito  acids  liy  uniting 
to  the  oxygen :  the  hydrogen  at  the  moment  of  its  evolution 
unites  wi  til  sulphur  and  phosphorus,  and  forms  sidp  buret  ted 
and  phosphuretted  hydrogen  gases.  This  evolution,  at  the 
boiling  temperature,  is  so  rapid  as  to  occasion  violent  explosions* 

The  sulphuret  of  phosphorus  may  be  distilled  over  without 
decomposition.  Indeed  it  was  Ijy  distillation  that  IVIargraaf 
first   obtained  it.      Sulphur  and  phosphorus,    by  cond>ining, 

quire  a  considerable  tendency  to  liquiility  ;  and  this  tendency 
IS  a  maximum  when  the  two  l>odies  are  combined  in  eqmd 
proportions.  The  following  table  exhibits  the  result  of  Fe lie- 
tier's  experiments  on  the  temperatures  at  which  the  compound 
becomes  solid  when  tlie  substances  are  united  in  various  pro- 
portions,** 

^  Opusc.  i.  11.  t  Jour,  de  Vhys.  xxxr.  382,  t  Nicolson,  vi, 

^  Itiid.  vii.  alB.  ||  Bri^^gs^  Ntchohon,  vti.  58. 

t  Brigp,  Nicholsaii,  vii.  j8-  •♦  Ann.  dc  Chim.  iv,  10- 
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cM>.n.  SUver  .         .         1.389 

Selenium         .         .         0^499 


1-888 
But  the  silver  in  the  acetate  was  in  the  state  of  an  oxide,  and 
was  combined  with  O-lOl  oxygen.  This  oxygen  had  been 
separated  by  the  hydrogen  of  the  selenietted  hydrogen  gas, 
which  had  converted  the  oxygen  of  the  oxide  into  water,  while 
the  selenium  united  with  the  reduced  silver.  But  oxygen,  in 
order  to  form  water,  must  be  combined  with  ^th  of  its  weight 
of  hydrogen.  Hence  the  hydrogen  united  with  the  0-499 
selenium  in  the  gas  was  0*012625.  Thus  we  have  selenietted 
hydrogen  gas  composed  of 

Selenium  .         .         499         or  5* 

Hydrogen        .         .  12-625       0-126* 

It  is  obvious  from  this  that  selenietted  hydrogen  gas  is  a  com- 
pound of  1  atom  selenium  and  1  atom  hydrogen,  or  of 
Selenium  .         .         5- 

Hydrogen  •  •  0-125 
Analogy  leads  us  to  conclude  that  this  gas,  like  sulphuretted 
hydrogen,  is  a  compound  of  one  volume  hydrogen  gas,  and 
one  volume  selenium  vapour,  condensed  into  1  volume.  Hence 
the  knowledge  of  its  specific  gravity  would  enable  us  to  deter- 
mine the  specific  gravity  of  the  vapour  of  selenium. 

This  gas  possesses  acid  properties  like  sulphuretted  hy- 
drogen, and  like  it,  combines  mth  various  bases,  and  forms 
salts. 

VII.  Nothing  is  known  respecting  the  combinations  of 
selenium  with  azote,  carbon,  boron,  and  silicon, 
hoipbiuet  VIII.  When  selenium  is  dropped  into  melted  phosphorus, 
it  dissolves  rapidly,  and  the  compound  sinks  through  the  liquid 
phosphorus  in  red  streaks.  These  streaks  speedily  dissolve; 
and  selenium  may  be  mixed  with  melted  phosphorus  in  any 
proportion.  When  phosphorus  is  saturated  with  selenium 
we  obtain  a  very  fusible  compound,  which  has  a  dark  brown 
colour,  a  good  deal  of  lustre,  and  a  vitreous  fracture.  K 
the  mixture  contains  an  excess  of  phosphorus,  a  superphos- 
phuret  of  selenium  may  be  distilled  off  in  red  drops,  which 
are  semi-transparent  and  destitute  of  the  metallic  lustre. 
When  this  phosphuret  is  digested  in  water,  selenietted  hydro- 
gen gas  is  formed,  and  some  selenium  precipitates.     It  dis- 

*  Ann.  dc  Chim.  et  de  Phys.  ix.  335. 
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XL  Sulpliur  and  plio&pliorus  reaflily  comlnno  witli  each  sc^vii. 
other,  as  was  first  aseertaiucd  by  Margraaf.*     Pelletier  after-  Phoq^hurtt^ 
wards  examined  the  combination  with  care.f     Some  curious  **'***"^- 

observations  were  published  on  tlie  formation  of  this  eompoand  J 

by  Mr,  Accum : J  and  soon  after  the  circumstances  ini(br  wliieh  H 

it  takes  place  were  explained  witli  precLsion  by  Dr.  Brig;g's.§  H 

All  Unit  is  necessary  is  to  mix  the  two  substances  together,  H 

and  apply  a  degree  of  lieat  sufficient  to  melt  tliein,  as  Pellctier  H 

first  observed.     The  compouiul  has  a  yellowish  white  colour,  H 

and  a   crystallized  appeiirance,  ||      The  combination   may  be  H 

obtained  by  heating  tlie  mLxlure  in  a  glass  tube,  having  its  B 

month  properly  secured  from  the  air.     The  sulphuret  of  phos-  H 

plionis,  til  us  prepared,  is  more  eombiLStible  than  phosphor  as.  H 

If  it  be  set  on  fire  by  means  of  a  hot  wire,  allowed  to  burn  for  H 

a  little,  and  then  extinguished  by  excluding  the  air,  the  phos-  H 

phorus,  and  perhaps  the  sutplnir,  seem  to  be  oxidized,  and  the  H 

mixture  acquires  the  property  of  taking  fire  spontaneously  as  ^^M 

soon  m  it  comes  hi  contact  with  air.f  ^^H 

The  combination  may  be  procured  also  by  putting  the  two  ^^^B 

bo<iics  into  a  retort,  or  flajsk,  filled  with  water,  and  applying  H 

heat  cimtiouinly  and  slowly.     They  combine  together  gradually  H 

as  soon  as  the  phospliorus  is  melted.     It  is  necessar)^  to  apply  H 

the  heat  cautiously,  because  the  sulphuret  of  pbosplioru:^  has  H 

the  property  of  decomposing  water,  as  had  been  observed  by  H 

Margraaf,  and  fiscertained  by  Pelleticr.     I'lie  rate  of  decom-  H 

position  increases  very  rapidly  >*4th  the  tempeniture,  a  portion  H 

of  the  two  combustibles  l)eing  convertetl  into  acids  by  uniting  H 

to  the  oxygen :  the  hydrogen  at  the  moment  of  its  evolution  H 

unites  with  sulphur  and  phosphorus,  ajid  forms  sulphuretted  H 

and  piMtsphuretted  hydrogen  gases.     Tliis  evolution,  at  the  H 

boiling  tem]>erature,  is  so  rapid  as  to  CKX*asion  violent  exph^sions.  fl 

The  sulphuret  of  phosphorus  may  be  distilled  over  u^thout  ■ 

decom}>osition.     Indeed  it  waa  by  distillation   tliat  Margraaf  ^^^^ 

first   obtained  it*      Sulphur  and  phosphorus,   by  combining,  ^^H 

acquire  a  considerable  tendency  to  liquidity  ;  and  this  tendency  V 

h  a  maximum  when  the  two  bodies  are  combined  in  equal  H 

proportions.     The  frdlowing  table  exhibits  the  result  of  Pelle-  H 

tier's  experiments  on  the  tempenitures  at  wliich  the  compound  H 

becomes  solid  when  the  substances  are  united  in  various  pro-  fl 

portions,*  •  ^^H 

•  Opuac.  i*  11.          t  Jour,  de  Phys.  xxxv.  382.           |  Nicobon,  vi.  ^^H 

^  Ibiii  vii.  58.            ||  Brigga^  Nicholson,  vii.  S8.  ^^^| 

~          NkhoUon,  vii.  58*                            ^  Ann.  dc  Cttun.  iv.  10-  H 
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chxp.  II.  Zalethna,  in  Transylvania,  contains  an  ore  of  a  bluish  white 
colour  and  a  metallic  lustre;  concerning  the  nature  of  which 
mineralogists  were  for  a  long  time  doubtfuL  That  it  contained 
a  little  gold  was  certain;  but  by  far  the  greatest  part  of  it  con- 
sists of  a  metallic  substance,  which  some  supposed  to  be  bis- 
muth, others  antimony,  Muller  of  Reichenstein  examined  it 
in  1782;*  and  concluded,  from  his  experiments,  that  this  ore, 
which  had  been  distinguished  by  the  names  of  aurum  proble-- 
maiicum,  aurum  parodoxicum^  and  aurum  aUmm^  contains  a 
new  metal  different  from  every  other.  Being  still  dissatisfied 
with  his  own  conclusions,  he  sent  a  specimen  of  it  to  Berg- 
man ;  but  the  specimen  was  too  small  to  enable  that  chemist 
to  decide  the  point.  He  ascertained,  however,  that  the  metal 
in  question  is  not  antimony.  The  experiments  of  Muller 
appeared  so  satisfactory,  that  they  induced  Mr.  Kirwan,  in  the 
second  edition  of  his  Mineralogy,  published  in  1796,  to  give 
this  metal  a  separate  place,  under  the  name  of  sylvanite.  Klap- 
roth  published  an  analysis  of  the  ore  in  1798,  and  completely 
confirmed  the  conclusions  of  Muller.f  To  the  new  metal, 
which  constitutes  0*925  of  the  ore,  he  gave  the  name  of  teUi^ 
rium ;  and  this  name  has  been  generally  adopted.  Gmelin 
examined  the  ore  in  1799: J  and  his  experiments  coincide 
almost  exactly  with  those  of  Muller  and  Klaproth.  By  these 
philosophers  the  following  properties  of  tellurium  have  been 
ascertained.  Some  curious  new  combinations  of  tellurium  were 
discovered  by  Davy  in  1809  ;§  and  a  set  of  important  experi- 
ments were  made  upon  it  by  Berzelius  in  1812.|| 
PKjpertiei.  !•  Tellurium  has  a  silver  white  colour,  and  considerable 

brilliancy ;  its  texture  is  laminated  like  antimony.  It  is  a  worse 
conductor  of  electricity  than  antimony  and  bismuth,  but  better 
than  pyrites. 

2.  Its  hardness  has  not  been  ascertained.  Its  specific  gra- 
vity, according  to  Klaproth,  is  6- 1 15.11  Magnus  found  it  6- 1379. 

3.  It  is  very  brittle,  and  may  be  easily  reduced  to  powder. 
-  4.  It  melts  when  raised  to  a  temperature  somewhat  higher 
than  the  fusing  point  of  lead.  If  the  heat  be  increased  a  little, 
it  boils  and  evaporates,  and  attaches  itself  in  brilliant  drops  to 
the  upper  part  of  the  retort  in  which  the  experiment  is  made. 

•  Born,  il  468.  f  Crell's  Annals,  1798,  i.  91. 

I  Ibid.  1799,  i.  275  and  365.  §  Phil.  Trans.  1810,  p.  16. 

I  Nicholson's  Journal,  xxxvi.  1 29.    Unfortunately  this  paper  of  Berzelius 
18  so  inaccurately  printed,  that  in  many  places  it  is  quite  unintelligible. 
5  Muller  found  it  6*343 ;  but  prob^ly  his  specimen  was  not  pure. 


I 


TELLURIUM*  297 

It  lij,  tliereforc,  next  to  mercury  and  arseniCj  the  most  volatile    *«*  ^^ 
of  ill!  tlio  inetiils,     Wlien  cooled  slowly  it  crystallizes. 

II,  Tellurium  combines  with  only  one  proportion  of  oxygen, 
and  ftirm^  a  compound  possessing  acid  properties.  It  might  be 
calkul  kl/nric  mitL  But  as  it  likewise  possesses  alkaline  pro- 
perties, it  will  be  better  to  retain  tlie  commoti  name,  oxide  of 
ieliurinm, 

L  When  tellurium  is  exposed  to  the  action  of  the  blowpipe  oiide. 
upon  charcoal,  it  takes  fire,  and  burns  with  a  lively  blue  flame, 
the  edges  of  wbieh  tire  green;  and  is  completely  vobtilized  in 
the  form  of  a  white  smoke,  which,  according  to  Klaproth,  has 
n  smell  not  unlike  that  of  radishes.* 

This  white  smoke  is  the  oxide  of  tellurium,  which  may  be 
obtaiuerl  also  by  dissolving  tlie  metal  in  nitro-muriatic  acid,  and 
diluting  the  solution  with  n  great  €|nantily  of  waiter.  A  wliite 
powiler  falls  to  the  bottom,  w4iich  is  tlie  oxide.  It  may  be  pro- 
cured also  by  <lissolving  the  metal  in  nitric  acid,  and  adding 
potash  slowly  till  the  oxide  precipitates*  This  oxide  is  easily 
melted  l>y  heat  iuto  a  straw-coloured  mass  of  a  radiated  tex- 
ture. When  made  into  a  paste  witli  oil,  and  heated  in  char- 
coal, It  is  reduced  to  the  metallic  state  so  rapidly,  that  a  kind 
of  explosion  is  produced.  It  may  be  volatilized  by  the  apjdi- 
aition  of  heat.  When  heated  on  a  bit  of  cliarcoal  before  a 
bellows  it  becomes  first  yellow,  then  orange,  and  lastly  of  a 
fine  red.f  After  fusion  it  produces  no  change  on  litmus  paper. 
But  it  combines  with  the  different  bases,  and  fonns  with  them 
Bentral  salts.  It  dissolves  aUo  in  acids,  and  forms  neutral  sait^ 
with  them  likewise, 

Aceorduig  to  the  experiments  of  Klaproth^  this  oxide  is  ^^^[^ 
composed  of 

Metal  .  .  100 

Oxygen         .         .  20 

But  Berzelius  found  the  weight  of  oxygen  somewliat  greater. 
According  to  his  experiments,}  the  oxide  is  composed  of 
Metal  .         ,         100 

Oxygen         ,         .  24-8 

If  we  suppose  the  real  quantity  of  oxygen  that  unites  with 
100  metal  to  be  25,  or  4^^  of  the  weight  of  the  metal^  and 

*  Otnetin  could  noe  perceive  this  smelli  nor  wa»  it  perceived  by  Berzelius. 
f  Berzelius;  Nichoisoa's  Journal,  xxjtvi.  130.  I  Beitnige,  tit.  14, 

J  Aiuudit  of  Pbilosophy,  iii.  250> 
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Chap,  II.    that  this  oxide  is  a  compound  of  1  atom  metal  +  1  atcym  oxy- 
gen,  then  the  weight  of  an  atom  of  tellurium  will  be  4. 

III.  Tellurium  bums  spontaneously  when  introduced  into 
chlorine  gas.  The  chloride  of  teUwrium  formed  is  white,  and 
semitransparent.  When  heated  it  rises  in  vapour,  and  crpr 
tallizes.  Water  decomposes  it,  and  separates  a  white  powikr 
consisting  of  oxide  of  tellurium  united  to  water,  or  kjfdrdtd 
oxide,  as  such  compounds  are  called.  According  to  Davy  it  is 
composed  of 

Tellurium         •         .2 
Chlorine  ,         .         1-83 

These  numbers  apjiroach  nearest  to  one  atom  tellurium  and  one 
atom  chlorine.     But  tliey  do  not  entirely  a^ee  with  that  sup- 
position.* 
loduio.  IV.  Iodine  combines  very  readily  witli  tellurium  whoi  4e 

two  substances  are  brought  into  contact.  The  solutioii  a 
water  has  a  dark  purple  red  colour.  It  combines  readily  wid 
potash,  and  forms  a  colourless  solution,  which  yields  l^  en- 
poration  small  white  prisms.f 

V.  Nothing  is  known  respecting  the  combination  df  telh- 
rium  with  fluorine  or  azote. 
bJdS^         VI.  Tellurium  has  the  property  of  combining  with  hyio- 
gen,  and  of  forming  a  gaseous  substance,  to  which  the  mar 
of  telluretted  hydrogen  gas  has  been  given. 

It  vm&  discovered  by  Sir  Humphry  Davy  in  1809,t  andsov 
experiments  on  it  by  Dcrzelius,  were  published  in  1813.§ 

It  is  formed  by  mixing  together  oxide  of  tellurinm,  poti^ 
and  charcoal;  and  exposing  the  mixture  to  the  action  ofaiv^ 
heat.  It  is  then  put  into  a  retort ;  diluted  sulphuric  acid  t 
poured  on  it,  and  the  beak  of  the  retort  is  plunged  into  a  lBe^ 
cnrial  trougli.  A  gjis  comes  over,  which  may  be  collected  io 
glass  jars  previously  filled  with  mercury.  This  gas  has  be« 
but  imperfectly  examined,  owing  to  the  difficulty  of  procniiDC 
tellurium  in  sufficient  quantity  for  experimental  purposcSi 
The  following  fire  its  properties,  as  far  as  they  have  be« 
ascertained. 

It  is  transparent  and  colourless,  and  possesses  the  mecbDi- 
cal  properties  of  common  air.     It  has  a  strong  peculiar  fimdL 

•  Davy  ;  Elements  of  Chemical  Philosophy,  p.  409. 

•j-  Riihland ;  Schweigger's  Journal,  xi.  140. 

\  Phil.  Trans.  1810,  p.  IG;  or  Nicholson's  Journal,  xxvi.  333L 

§  Nicholson's  Journal>  xxxvi.  132. 
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bearing  considerable  resemhiaiice  to  that  of  sulphuretted  liydro- 
gesL     It  bums  with  a  bluish  flame,  and  oxide  of  telhirium 
b  deposited.      It  is  soluble  in  water,  and  gives  that  liquid 
a  claret  colour*     Da\y  was  not  able  to  defcermine  whether  it 
reddens  vegetable  blues.     But  in  other  respects  it  possesses 
the  properties  of  an  acid,  combining  with  alkalies,  and  preci- 
pitating most  metallic  solutions  like  sulphuretted  hydrogen. 
fThere  is  reason  to  suspect  that  this  compoutid  may  be  formed 
hf  heating  tellurium  in  hydrogen  gas,     Chluriiie  gas  immedi- 
ately decomposes  it,    ITie  compound  of  tcUuretled  hydrogen 
and  potash  is  immetliately  decomposed  when  the  solution  of  it 
is  exposeil  to  the  air.     Berzelius  has  endeavoured  to  show  by 
indirect  experiments  that  the  gas  is  a  compound  of 
Tellurium  .         •         100  ,         ,         4 

L         Hydrogen  ,         .  3'1         ,         .         0'lt25 

■Biipposiiig  these  proportions  correct,  it  is  obviously  a  com- 
nound  of  1  atom  tellurium  +  1  atom  hydrogen, 

Ritter,  in  1 808,  discovered  that  when  tellurium  is  connected 

witli  the  negative  pole  of  a  galvanic  battery,  and  the  circuit 

■completed  by  dipping  the  tellurium  in  water,  a  brown  powder 

Bs  formed^  wliieh  appears  to  be  a  soUd  compound  of  tellurium 

land  hydrogen. 

I     VIL  It  would  appear  from  an  experiment  of  Bcrzelius,  that 

hellurium  is  cjipable  of  combining  witb  carbon.*  The  compound 

^s  a  black  powder ;  but  its  properties  Imve  not  been  examined. 

VIIL  No  experiments  have  been  made  on  the  combination 

of  tellurium  witb  boron,  silicon,  or  phosphorus.     It  may  be 

eombuied  with  sulphur  by  fusion.    The  suiphnrei  has  a  leaden 

grey  colour,  and  a  radiated  texture.    On  red  hot  coals  it  burns 

with  a  green  flame.f 

IX.  Berzelius  combined  tellurium  with  selenium  ;  the  two 
tllbstances  unite  readily,  and  with  the  production  of  heat. 
This  compound  is  very  fusible  ;  wben  heated  it  Ijoils  and 
gublimes  in  dfu*k  brown  drops.  It  is  easily  oxydized  and  con- 
verted into  seleuiate  of  tellurium.  The  texture  of  this  sele- 
niet  is  very  cr)^stalline.  Its  coKnir  is  tliat  of  iron,  but  rather 
darker4 
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SECTION  X. — OF  ARSENIC* 

L  The  word  ar^nic  (A^<riwxo^}  occurs  first  in  the  works  of  Dios*  Htatorr; 


•  Kichol90ti*s  Jounud,  xxxiv*  133.  f  Klaproth*ii  Bcitrage,  iii  i2. 

t  BeraclJus*  Ann.  dc  Cbiin,  et  de  Phys.  ix.  249, 


CAuactcii  At  out  CAiaii  v.'vivi^    as    uhiviiuwai*        a  cutawisus    QWU 

have  known  it;  and  a  process  for  obtaining  it  is  describei 
Schroeder  in  liis  Pharmacopoeia,  published  in  1649.f  Bi 
was  only  in  the  year  1 7«3d  that  this  metal  was  examined 
chemical  precision.  This  examination,  which  was  perfbr 
l)y  Mr.  Brandt,!  demonstrated  its  peculiar  nature;  ands 
that  time  it  lias  been  always  considered  as  a  distinct  meti 
which  the  term  arsenic  has  been  appropriated.  Its  prape 
were  still  farther  investiji^ited  by  Macquer  in  1746,§  byli 
net  in  1773,11  by  Berp^jui  in  1777.f  To  the  labours  oft 
philoso]>hers,  and  to  those  of  Mr.  Scheele,**  we  are  indd 
for  almost  every  thing  known  about  tlie  properties  of 
metal.  Its  combinations  with  oxygen  have  been  carefully 
amined  by  Proust,ff  Ducholz,j::(  Berzelius,^^  and  somec 
chemists.  ||  || 
i*ropcrti«.  1,  Arsenic  has  a  bluish  white  colour  not  unlike  that  of  8 

and  a  good  deal  of  brilliancy.  It  has  no  sensible  smell  i 
cold:  but  when  heated  it  emits  a  strong  odour  of  garlic^ i 
is  very  characteristic. 

2.  It  is  the  softest  of  all  the  metallic  bodies,  and  b  so  h 
that  it  may  be  easily  reduced  to  a  fine  }>owder  by  tritnn 

*  Pliny  sccnis  to  make  a  distinction  between  sandaracha  and  m 
See  lib.  xxxiv.  cap.  18. 

t  Bergman,  ii.  278. 

\  liis  paper  wus  published  in  the  Memoirs  of  the  PhilosophiaJ  & 
of  Upsala,  for  17:^'^,  p.  39.  He  describes  the  properties  of  arsemov 
with  precision,  and  f^vcs  the  first  accurate  process  for  procurine  ane 
the  metallic  state.    lie  mixed  white  arsenic  with  potash  and  volatile  i 


so  I 


^^%ll( 


in  a  mortar.  Its  specific  g^vity,  when  melted,  is  5-76;>3.* 
According  to  tlie  trial  of  Mr*  Hiirepatli,  tlie  specific  gravity 
of  pure  metallic  arsenic  is  5*672,t  BerzeUus  states  its  specific 
grav^ity  at  5*7.  Guivour  found  that  if  it  was  exposed  to  a  red 
heat  in  a  porcelain  retort  filled  with  it,  and  allowed  to  cool,  it 
acquires  much  greater  brilliancy,  mid  its  specific  gravity 
becomes  5-9594 

3.  Its  fusing  point  is  not  known,  because  it  is  the  most  vola- 
tile of  the  metals,  subliming  without  melting,  when  exposed  in 
cJuse  vessels,  to  a  heat  of  065°,J  When  sublimed  slowly,  it 
crj^stalliifies  in  tetrahedrons, 

II.  It  may  be  kept  imder  water  without  alteration;  but 
when  exposed  t4}  the  open  air,  il  soon  loses  its  lustre,  and  often 
becomes  black,  and  fells  into  powder,  though  tliis  is  not  always 
the  case. 

/Vrsenic  is  capable  of  combinijig  with  two  doses  of  oxygen, 
id  of  forming  two  compounds,  which  possess  acid  properties, 
id  which  have  been  denominated  arseniom  and  arsenic  aeids. 
I.  When  exposed  to  a  moderate  lieat  in  contact  with  air,  it 
nblimes  in  the  form  of  a  white  powder,  and  at  the  same  time 
emits  a  smell  resembling  garlic.  If  the  heat  be  increiised,  it 
bums  irith  a  pale  blye  fiame.  Arsenic  indeed  is  one  of  the 
most  combustible  of  the  metals.  The  substance  whieJi  sub- 
Unies  was  formerly  cidled  afsenic  or  uitife  arsenic j  and  is  still 
luMurn  by  these  names  in  the  commercial  w^orld.  It  is  now 
denomiiiated  arsenious  arkL  It  is  seldom  prepared  by  chemists, 
because  it  exists  native,  and  is  prociu-ed  abundantly  during  the 
extraction  of  the  other  metaLs  from  their  ores. 

Wlien  obtained  by  tliese  processes,  it  is  a  white,  brittle, 
compact  substance,  of  a  glassy  appearance.  It  has  a  weak  but 
acrid  taste,  which  at  last  leaves  an  impression  of  sweetness, 
id  iiJ  one  of  the  most  virulent  poisons  known. 
According  to  the  experiments  of  Kla]jroth,  1000  parts  of 
Id  water  dissolve  only  2^  parts  of  this  acid,  wlule  1000  parts 
boiling  water  dissolve  77 f  parts  of  it||  This  solution  has 
weak  taste*  and  reddens  vegetiible  blues.  When  it  is  slowly 
rated,  the  oxide  crystallizes  in  regular  octahedrons.     It 


Saot.  X. 


Campound 
witli  oxygen. 


•  Lavobter's  Elements,  p,  672,  1  found  its  specific  gmvity  whtn  sub- 
tmcd  <5'235»  Bergman  jitates  tbe  specific  ^vity  of  arsenic  to  be  «  31, 
(Opusc.  ti.  279,)  and  Bmndt  nmkes  it  8*308.  But  the  specimens  which  they 
tried  must  have  been  impure. 


t  PhO.  ftfag.  Uiv*  322. 
(  Btrgaum,  if,  279. 


I  Jour,  cle  Chim.  Med.  ii.  55. 
tl   Annals  of  Philosophy,  iv.  132. 
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°"P''''  k  soluble  also  in  between  70  and  80  times  its  weight  of 
alcohol,  and  in  oils.  This  acid  sublimes  when  heated  to  383^ ; 
if  heat  be  applied  in  close  vessels,  it  becomes  pellucid  like  glass ; 
but  when  exposed  to  the  air,  it  soon  recovers  its  former  appear- 
ance. The  specific  gravity  of  this  glass  is  3'699  ;♦  that  of  the 
acid  in  its  usual  state  is  3'706,f  and  according  to  Mr.  Hare- 
path  3-729.t 

Many  experiments  have  been  made  to  determine  the  quan- 
.  tity  of  oxygen  in  this  acid.     According  to  Berzelius,  whose 
experiments  were  made  with  the  greatest  care,  it  is  a  com- 
pound of 

Arsenic         .         .         100 
Oxygen         .         .  31-907§ 

I  found  that  6*75  parts  of  arsenious  acid  when  converted 
into  arsenic  acid,  became  7*75  parts.  It  is  obvious  from  thid 
that  arsenic  acid  contains  just  1  atom  more  of  oxygen  than 
arsenious  acid. 

When  arsenious  acid  is  mixed  with  black  flux,  and  slowly 
heated  to  redness  in  a  matrass  or  retort,  the  arsenic  is  reduced 
to  the  metallic  state,  and  slowly  sublimes.  By  this  means  the 
metal  may  be  procured  in  a  state  of  purity.  This  method  of 
reducing  arsenic  was  first  pointed  out  by  Brandt,  to  whom  we 
are  indebted  for  the  knowledge  of  most  of  the  properties  of 
arsenious  acid  above  described. 
Anmkadd.  2.  Arscnic  is  capable  of  combining  with  an  additional  dose 
of  oxygen,  and  of  forming"another  compound,  first  discovered 
by  Scheele,  known  by  the  name  of  arsenic  acid.  The  process 
prescribed  by  Scheele  is  to  dissolve  three  parts  of  arsenious 
add  in  seven  parts  of  muriatic  acid,  to  add  five  parts  of  nitric 
acid,  to  put  the  mixture  into  a  retort,  and  distil  to  dryness. 
The  dry  mass  is  to  be  merely  brought  to  a  red  heat,  and  then 
«coolcd  again.  It  is  solid  arsenic  acid.  Mr.  Bucholz  has  shown, 
that  the  whole  quantity  of  muriatic  acid  prescribed  by  Scheele 
is  not  necessary.  The  formula  which  he  considers  as  the  best 
is  the  following :  Mix  together  in  a  crucible  2  parts  of  muri- 
atic acid  of  the  specific  gravity  1*200,  8  parts  of  arsenious  acid, 
and  24  parts  of  nitric  acid,  of  the  specific  gravity  1*25.  Evapo- 
rate to  dryness,  and  expose  the  dry  mass  to  a  slight  red  heat|| 
But  the  easiest  method  of  procuring  this  acid  is  to  dissolve 
arsenic  in  nitric  acid,  and  evaporate  the  solution  to  dryness. 

*  According  to  the  experiments  of  Dr.  Wollaston. 

t  Bergman,  ii.  266.  t  Phil.  Mag.  Ixiv.  322. 

S  Afhandlingar,  v.  379.  ||  Van  Mon*s  Journal  de  Chimie.  iv.  16. 
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Tlie  acul  tims  prepared  has  no  very  strong  taste  when  dry  • 
but  wiuni  libsolved  in  water,  it  acquires  an  excessively  sour 
taste,  and  remaiuM  liquid  even  when  evaporated  to  the  con- 
RiBteuce  of  a  jelly.     It  Is  na  noxious  as  arsenious  acid. 

Tliii*  acid,  like  phosphoric,  after  being  exposed  to  a  red  heat 
does  not  dis.solve  completely  in  water ;  but  leaves  a  white 
powder,  which,  however,  is  at  hist  dissolved  by  the  long  con- 
tinued action  of  the  water.  When  exposed  to  the  idr  it  attracts 
inoi^iture  till  its  specific  gravity  is  reduced  to  1'935.  By  evapo- 
ration we  obtiiin  a  syrupy  liquid  of  the  specific  gravity  2'55  (as 
determined  by  Vogel),  When  concentrated  till  the  temperature 
rises  to  248^  it  begins  to  di'posite  a  soli<l  matter.  When  the 
anhydroiLs  acid  is  exposed  to  the  air  it  slowly  imbibes  moisture, 
and  at  a  certain  period  forms  large  crystals  (according  to 
Mitclierlich),  which  are  more  deliquescent  than  chloride  of 
calcium. 

Arsenic  acid  acts  ift'ith  considerable  energy  as  an  acid,  com- 
!>ining  witli  the  bases,  and  forming  salts,  to  which  the  name  of 
arf(eiiiales  has  been  given.  Mitcherlich  has  shown  that  crystals 
of  the  arseniates  and  phoqihates  have  the  same  shape. 

This  acid  according,  to  the  ejcperiments  of  Berzellus,  is  com- 
|>osed  of 

Arsenic  .         .  100 

Oxygen  .         .  53187 

Tims  it  appears  from  Berzelius's  experiments  that  the  oxygen 

in  arsenious  acid  united  to  a  given  weight  of  arsenic,  is  to  that 

in  arsenic  acid  as  31-907  to  33' 187,  or  as  2  to  3j^,  or  as  3  to  5. 

I  found  that  4*75  parts  of  arsenic,  when  converted  into 
arsenic  acid  by  solution  in  nitric  acid,  weighed  7'75,  and  that 
6*7a  parts  of  arsenious  acid  when  converted  into  arsenic  acid 
became  7*73.  From  these  two  experiments  I  concluded  that 
the  composition  of  these  two  acids  was  as  follows : 

Ancnlc.  Oxjrgcn. 

Arsenious  acid         .         .         4*75     +     2    =     6'75 
Arsenic  acid  .         .         4*75     +     3    =     7*75 

But  it  is  evident  from  the  experiments  of  Dumas  on  arsenietted 
hydrogen  ga^s,  to  be  mentioned  hereafter,  that  arsenious  acid  is 
a  compound  of  1  atom  arsenic  and  l|  atom  oxygen,  and  this 
is  confirmed  by  the  analogy  betn^een  the  chhiride,  i(>dide,  bro- 
mide, sulphuret,  and  compound  of  arsenic  and  hydrogen.  It 
is  clear  then  that  my  experiments  must  have  been  iimccurate. 
Berate  lias's  detennination  of  the  constitution  of  arsenic  acid  is 
also  put  beyond  doubt  by  the  experiments  of  Dumas.     Indeed 
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c"»p-  II.  the  perfect  analogy  between  phosphoric  and  arsenic  acid  can 
leave  no  doubt  that  their  constitution  is  the  same.  The  con- 
stituents of  the  arsenious  and  arsenic  acids  then  are  undoubtedly 
as  follows : 

AneQk.  Oxygen.  Atomic  weight. 

convotitton.  Arsenious  acid     .     .     4-75     +     1-5     .     .        6-25 

Arsenic  acid  .  .  4*75  +  2*5  .  .  7*25 
As  arsenious  acid  is  one  of  the  most  virulent  poisons,  and  as 
its  taste  is  comparatively  mild,  it  is  much  more  frequently 
employed  to  destroy  life  than  any  other  substance.  In  cases 
of  death,  where  poison  is  suspected,  it  is  frequently  requisite  to 
examine  the  contents  of  the  stomach  after  death  in  order  to 
ascertain  whether  it  contain  arsenic,  and  thus  produce  incon- 
testible  proof  of  the  administration  of  poison. 
tS^mt'  '^^  ^^*  step  in  such  cases  is  to  filter  the  matter  contained 
niouadd.  i^  £^^  stomach,  diluted  if  necessfury  with  a  portion  of  boiling- 
hot  distilled  water.  If  the  filtered  liquid  thus  obtained  be 
colourless  or  nearly  so,  a  few  drops  of  water  impregnated  with 
sulphuretted  hydrogen  gas  is  to  be  added  to  it.  If  arsenic  be 
present  it  will  assume  a  yellow  colour,  and  on  adding  a  drop 
or  two  of  acetic  acid  a  yellow  precipitate  will  fall.  If  no 
arsenic  be  present  the  yellow  colour  will  not  appear.  When 
the  liquid  contained  in  the  stomach  happens  to  be  dark  coloured 
the  yellow  colour  may  not  appear ;  yet  if  arsenic  be  present, 
even  in  very  minute  quantity,  a  precipitate  will  fall  within  a 
few  hours.  This  precipitate  like  the  former  is  a  sulphuret  of 
arsenic,  and  may  be  employed  like  it  in  the  subsequent  steps 
requisite  for  fully  establishing  the  presence  of  arsenic. 

Collect  this  precipitate  on  a  filter  of  smooth  paper,  dry  it, 
and  mix  it  with  a  little  black  flux,*  and  put  the  mixture  into 
the  bottom  of  a  thin  glass  tube  shut  at  one  end.  The  tube 
may  be  5  or  6  inches  long  and  about  \  inch  in  diameter. 
Take  care  that  the  whole  mixture  is  collected  at  the  bottom  of 
the  tube,  and  that  the  inner  surface  be  quite  smooth  and  clean. 
Apply  the  bottom  of  the  tube  to  the  flame  of  a  spirit  lamp,  and 
continue  the  heat  for  a  few  minutes,  taking  care  not  to  fuse 
the  glass.  The  arsenic  will  be  reduced  to  the  metallic  state, 
and  subliming  will  line  the  inside  of  the  tube  about  a  half  inch 
above  the  mixture,  and  by  directing  the  flame  upon  it,  may  be 
sublimed  as  high  as  is  thought  proper.     It  forms  a  brilliant 

*  Black  flux  is  formed  by  heating  cream  of  tartar  in  a  crucible  till  it  ceases 
to  give  out  smoke.  It  is  an  intimate  mixture  of  charcoal  and  carbonate  of 
potash. 
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eoQtifijB^  on  the  inside  of  the  tube,  havin|r  the  colour  and  appear-  ^ccux, 
ance  of  polished  steeL  To  leave  no  aml>iguity  whatever,  the 
tube  may  be  cut  off  just  below  the  crust  of  metallic  arsenic, 
and  that  portion  containing  t!je  arsenic  may  be  heated  in  nitric 
acid.  The  arsenic  will  dissolve,  and  the  solution  being  evapo- 
rated to  drynesis,  will  leave  arsenic  acid,  which  being  diluted 
with  wnter  and  mixed  with  a  drop  of  nitrate  of  silver,  will  give 
a  brick  red  precipitate. 

Such  is  the  metho<i  tliat  I  ha^-e  been  accustomed  to  follow 
in  such  cases.  It  succeeds  in  detecting  the  presence  of  as  small 
a  quiintity  as  y^th  of  a  gnuji.  Indeed  I  have  no  doid>t  that 
with  due  precautions  a  much  smaller  quantity  might  be  detected. 
With  pf^tjth  of  a  grain  of  white  arsenic,  tlie  reduced  arsenic 
might  be  rendered  visible  by  reducing  the  diameter  of  the 
tube  sufficiently*  and  the  precipitate  of  arseuiate  of  silver,l>y 
taking  the  preciiutton  to  saturate  tlie  arsenic  acid  in  the  first 
place  with  an  alkali,  might  be  made  quite  distinct. 

Many  other  tests  of  arsenic  liave  been  proposed  by  chemists. 
But  the  preceding  method  will,  I  believe,  always  answer.  It 
seems,  therefore,  iiimecessary  to  mention  others  here.* 

3.  There  are  some  reasons  for  believing  that  arsenic  is  capa-  oxyc*}farM^ 
ble  of  combining  witli  a  smaller  quantity  of  oxygen  than  exists 
in  arsenious  and  arsenic  acids.  When  obtained  by  suldimation 
from  a  mixture  of  black  flux  and  arsenious  acid,  and  collected 
ill  thin  crusts  in  small  Hessian  crncibles,  it  sonu^titneSj  when 
exposed  to  the  air,  soon  falls  in  the  state  of  a  black  powder. 
Berzelius  found  that  100  parts  of  arsenic  wben  thus  converted 
into  a  bhick  powder,  bad  increased  in  ^veight  eight  parts.  This 
bkck  pow^der  is  insoluble  bdth  in  w^ater  and  acids.  When 
digested  in  muriatic  acid  it  recovers  the  metallic  lustre,  and 
tlu*  acid  is  found  to  have  taken  up  a  little  arsenious  acid.     It 

L  fttkay  therefore  perhaps  be  only  an  incipient  conversion  into 

f     iirsenious  acid.      If  the  additional  weight  were  oxygen^  the 

I       black  powder  wouhi  be  a  trisoxide  composed  of 

I  S  atoms  arsenic         .         ,  14-25 

^^  1  atom  oxygen         .         ,  1 

^  15-25 

Uke  most  compounds  consisting  of  two  or  more  atoms  of  metal 

*  The  medical  reader  who  is  anxious  for  farther  information  may  consult 
Dr.  Chfbtisofi  on  pouom^  or  Mr,  Phili[>*s  paper  in  ihc  Annals  of  Philoso- 
phy (2d  series),  vii,  30;  Mr.  Donovon's  remarks  in  the  Dublin  Journal,  ii, 
44)0;  and  Bcriselius's  method,  Ann.  de  Chim.  et  de  Phys.  xxwjt.  109* 
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^'^"-    with  one  atom  of  oxygen,  it  is  possessed  neither  of  the  diiiw- 
tors  of  an  acid  nor  a  base. 

Chloride  of        HI.  Arsenic  combines  with  chlorine  and  forms  a  compomii 
which  has  been  called  chloride  of  arsenic. 

It  has  been  long  known  and  described  in  chemical  booh^ 
under  the  n^imc  of  butter  of  arsenic.     It  may  be  obtained  \n 
introducuig  arsenic  into  a  sufficient  quantity  of  chlorine  gK 
It  burns  spontaneously  with  considerable  brilliancy,  and  fam 
the  chloride.    But  the  easiest  method  of  procuring  this  chlonb 
in  considerable  quantity,  and  pure,  is  the  old  one.     It  is « 
follows :    Mix  together  6  parts  of  corrosive  sublimate  and  I 
part  of  arsenic,  and  distil  with  a  gentle  heat  in  a  retort^  a  lM|a' 
passes  over  into  the  receiver  which  is  the  chloride  of  arsenic 
Another  very  easy  process  has  been  g^ven  by  M.  DmiA 
Put  into  a  tubulated  retort  a  quantity  of  arsenious  add,  viA 
about  10  times  its  weight  of  sulphuric  acid.      Raise  the  t» 
peraturc  to  about  212^;  then  throw  into  it  by  the  tnbnliT 
fragments  of  common  salt  that  have  been  recently  fused.  > 
expel  all  moisture.     Chloride  of  arsenic  passes  slowly  into  dr 
receiver.     The  heat  must  be  kept  up,  and  additional  portitf 
of  common  salt  added  by  degrees.     Little  or  no  muriatic  sii 
is  disengaged ;  but  towards  the  end  of  the  process,  hydnk^ 
chloride  of  arsenic  passes  over  into  the  receiver,  and  siitf 
upon  the  surface  of  the  anhydrous  chloride ;  doubtless  in  cooi^ 
quence  of  the  sulphuric  acid  become  weaker  as  the  quantitTt 
common  salt  increases.* 

This  chloride  is  transparent  and  of  the  consistence  d^ 
It  is  very  volatile.  It  boils  at  270®.  Its  specific  grancTJ 
greater  tlum  that  of  water.  When  heated  it  readily  diswi* 
phosphorus  and  sulphur ;  but  allows  these  bodies  to  precqtf^ 
on  cooling.  It  likewise  dissolves  rosin,  and  combines  ri 
olive  oil  and  oil  of  turpentine.f  When  mixed  with  water  n' 
decomposed,  and  arsenious  acid  precipitates.  Accordinjr  toik 
experiments  of  Dr.  John  Davy,  2  gamins  of  arsenic,  wkenc* 
verted  into  chloride,  absorb  4  cubic  inches  of  chlorine  gas.|  "^ 

compcMUion.  4  cubic  inclics  of  chlorine  gas  weigh  3-141  grains.    Hencei^ 
chloride  is  a  compound  of 

Arsenic   '2  .         .  or  4v5 

Chlorine  3-114         .         .  or  7*395 

7-395  a  little  exceeds  1]  atoms  of  chlorine.      There  seeiis> 
doubt  from  this,  that  the  chloride  is  a  compound  of 

•  Ann.  de  Chim.  ct  de  Phys.  xxxiii.  360. 

t  Dr,  John  Davy,  Phil.  Trans.  1812,  p.  186.  \  IblJ.  p.  !*■ 
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11-50 
It  is  therefore  a  sesquicliloride  of  arsenic. 

DumiLS  found  the  specific  gra\dty  of  the  vapour  of  this  chlo- 
ride to  he  6*3006.*     Now  if  we  consider  this  sesqiiicldoride 
ill  the  state  of  vapour  to  be  a  compound  of 
1  ^  volume  chlorine,  7  condensed  into  one  volume,  we 

1  volume  arsenic  vapour,  5  shall  have  the  specific  gra\4ty  of 
arsenic  vapour  by  subtracting  1^  volume  of  chlorine  =  3'75 
from  6*3006,  the  specific  gravity  of  the  sesquichloride  in 
vapour.  The  remainder  *2*5506  ouglit  to  be  the  specific  gra\^ty 
of  arsenic  vapour.  From  the  specific  gravity  of  arsenietted 
bydragen  to  be  noticed  immediately,  the  specific  gravity  of 
aisenic  vapour  is  found  to  be  2*59 1. 

It  is  a  law  that  holds  with  the  greater  number  of  gases  and 
UTS,  that  if  we  multiply  tlie  atomic  weight  by  0*5555,  the 
net  will  be  the  specific  gravity  of  the  vapour  or  gas.  Now 
4-75  (atom  of  arsenic)  X  0*5555  =  2*6988;  a  number  some- 
wliat  higher  than  that  resulting  from  the  specific  gravities 
as  determined  i>y  Dumai* ;  but  tlie  atomic  weiglit  of  arsenic 
pitched  upon  by  Dumas,  namely,  4-7,  would  give  ns  2'5111 
for  tlie  specific  gravity  of  arsenic  vapour;  which  is  nearly  as 
much  below  the  specific  gravity  found  as  mine  is  above  it, 
Beraelius's  number  is  4-70385>  which  gives  also  a  specific 
gravity  too  low. 

Perhaps,  in  the  present  state  of  our  knowledge,  it  will  be 
safest  to  deduce  the  specific  gnivity  of  the  vapour  o{  sesqui- 
cliloiide  of  arsenic  from  the  atomic  weight  of  arsenic  4*  75,  It 
will  be  6'4888.  This  number  is  about  S  per  cent,  higher  tlian 
tlie  specific  gravity  actually  found  by  Dumas — a  difference 
which  a  very  small  admixture  of  common  air  would  account  for* 

From  an  observation  of  Dumas,  it  is  not  improbable  that 
there  is  another  chloride  of  arsenic  containing  more  cldorine 
than  the  sesqui chloride.  When  sesqiuehloride  of  arsenic  is 
fonned  by  passing  a  current  of  dry  chlorine  gas  over  arsenic  in 
powder  in  those  parts  of  the  apparatus  where  the  arsenic  is  in 
contact  with  an  excess  of  chlorine,  a  white  solid  matter  is 
formed,  which  is  probably  similar  in  its  composition  to  the 
perchloride  of  phosphorus*!  But  the  nature  of  t\m  substance 
has  not  yet  been  investigated. 

•  Ann,  de  Cinm.  ei  dc  Pliys.  xxitiiL  301.  f  Ibid,  359, 


i 


308  SIMPLE  ACIDIFIABLE  BASES. 

Chap.  IL 


Bromide. 


IV.  The  bromide  of  arsenic  was  first  described  by  Senillas. 
As  soon  as  arsenic  comes  in  contact  with  bromine,  it  bums 
with  a  strong  light,  and  the  evolution  of  much  heat,  and  a 
transparent  colourless  liquid  is  formed,  which  is  the  bromide 
in  question.  The  best  way  of  forming  it  is  to  put  a  quantity 
of  bromine  into  a  tubulated  retort,  and  to  throw  into  it  pul- 
verized arsenic  by  a  little  at  a  time,  till  it  ceases  to  take  fire. 
After  each  addition,  the  retort  must  be  gently  agitated.  The 
combustion  takes  place  like  that  of  potassium  on  water.  When 
the  compound  is  formed  it  may  be  distilled  over  into  a  receiver, 
and  thus  freed  from  all  excess  of  arsenic. 
'  Bromide  of  arsenic  becomes  solid  when  cooled  down  to  68**, 
and  it  liquefies  when  raised  to  a  temperature  a  few  degrees 
higher.  It  boils  and  may  be  distilled  over  at  428°.  Its  colour 
has  a  very  slight  shade  of  yellow.  On  solidifying  it  crystallizes 
in  long  prisms.  It  absorbs  moisture  from  the  atmosphere. 
When  mixed  with  water  it  is  immediately  decomposed  into 
hydrobromic  acid  and  arsenious  acid.  It  was  subjected  to 
analysis  by  Serullas.  He  has  not  given  the  particulars  of 
his  experiments,  but  only  the  general  results.  From  which  it 
appears  that  the  compound  is  a  sesquichloride,  composed  of 
1^  atom  bromine  .  .  15 
1    atom  arsenic  .         .         4-75 


19-75 
jSo  that  its  atomic  weight  is  19-75.* 
^odid«.  V.  It  appears,  from  the  experiments  of  Plisson,  that  the  best 

way  of  forming  the  iodide  of  arsenic  is  to  mix  together  3  parts 
of  arsenic  in  fine  powder,  10  parts  of  iodine,  and  100  parts  of 
water,  and  to  digest  this  mixture  till  the  smell  of  iodine  dis- 
appears. The  clear  liquid  is  now  decanted  oflF,  and  subjected 
to  evaporation.  At  a  certain  degree  of  concentration,  red 
crystals  of  iodide  of  arsenic  are  deposited.  To  obtain  the 
iodide  in  a  state  of  purity,  we  must  evaporate  the  liquid  to 
dryness,  and  heat  the  dry  mass  that  remains  till  it  melts.  After 
cooling,  it  has  a  brick  red  colour,  and  a  crystalline  texture. 
It  is  destitute  of  smell.  When  heated  in  close  vessels,  it  melts 
and  sublimes,  and  on  cooling,  it  resumes  its  former  appearance ; 
but  a  portion  of  it  is  decomposed.  In  a  large  quantity  of 
water  it  dissolves ;  but  when  mixed  with  a  small  quantity  of 
water,  that  liquid  undergoes  decomposition;  hydriodic  acid 
and  arsenious  acid  being  formed. 

*  Ann.  dc  Chim.  eC  de  Phys.  xxxviii.  319. 
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This  iodide  has  been  subjected  to  analysis  by  PU^son,  and     aectx. 
there  is  reason  to  conclude  from  hh  experiments,  that  it  is  a 
aesqiiiodide,  or  a  compound  of 

1^  atom  iodine  .         .         2;>625 

1    atom  arsenic         .         -  4*75 


28375 


4 


So  that  its  atomic  weight  is  28'375** 

VI.  Fluoride  of  arsenic  was  obtained  by  Unverdorben.  Ftuonict 
His  method  wns  to  distil  a  niLxture  of  fluor  spar,  arsenious 
acid,  and  sulphuric  acid,  in  a  U*ailen  or  phitinmn  retort.  A 
fuming  colourless  liipiid  passes  over,  which  is  the  fluoride  in 
question.  Tliis  liquid  smokes,  and  has  a  specific  g;ravity  of 
2-73.  Wheu  it  comes  in  contact  with  w^ater  or  glass,  it  is 
decomposed.     In  the  first  case,  it  Is  converted  into  fluoric  acid 

.      aod  areeiiioiis  acid.     It  must  therefore  be  a  compound  of 

I  IJ  atom  fluorine         .         .         3'375 

^^^  1    atom  arsenic  4*75 


8-125 


that  its  atomic  weight  must  be  8*125*f 

VII,   Arsenic  combines  with  hydrogen  and  forms  a  com-  Ar«?niettcd 
pounds  which  has  been  called  €irsenietiefi  hijdnMjen  ijas. 

It  w^is  <iiscoveTed  by  Sehet^le  during  his  experiments  on 
arsenic  acid4  It  was  afterwards  noticed  by  Proust  during  bis 
ents  on  tin.§  In  the  year  1803,  an  elaborate  set  of 
eriments  on  it  was  published  by  Tromsdorf.H  In  1806,  a 
very  valuable  set  of  experiments  was  inarlc  upon  it  by  Pro- 
fessor Stromeyer.il  It  was  examined  in  1808  by  Gay-Lussac 
and  Thenard,  during  their  experiments  on  potiissiinn.*"  But 
the  most  important  set  of  experiments  on  it  hitherto  published, 
are  those  of  Duraas.f  f 

It  may  be  obtained  by  dissolving  in  muriatic  acid  an  alloy 
of  arsenic  and  tin,  or  an  alloy  of  zinc  and  arsenic.  Gelden, 
who  fell  a  victim  to  his  experiment  on  this  gas  iu  1815,  pre- 
pared it  by  heating  arsenic  in  im  alkaline  ley.     Whatever 


•  Ann.  de  Chim.  et  de  Phys,  xxxix.  265. 

f  Berjidiua^a  Chemb»try»  iL  4-t3. 

I  8chcele^»  Memoires  de  Chimiej  i.  182. 

§  Ann.  dc  Chim*  xxviii»  215.  ||  Nicholson'ei  Joiimal,  vL  20i>. 

^  Nicholfiorrs  Journal,  xix,  381, 
••  Hccbvrches  Pliyaico-cliiuiiqiies,  i.  Si29. 
tt  Ann.  dc  Chiin*  ct  de  Ph}s.  xxxiii.  3aH. 
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method  we  employ  to  prepare  it,  we  never  ohtmn  it  pure.     It 
is  iilwiiys  mixed  with  a  very  large  propordoti  of  hydrogen  g^us. 

It^  purity  is  easily  determined  by  exposing  it  to  the  action 
of  a  saturated  solution  of  sulphate  of  eopper.  The  arseiiietted 
hydrogen  is  absorbed  and  the  hydrogen  gas  remains.  Dumas 
found  tliat  100  volumes  of  the  purest  gas  which  he  could  pro- 
cure was  a  mixture  of 

From  30  to  28  arsenietted  hydrogen  gas. 
70  to  72  hydrogen  gas, 

Arsenietted  hydrogen  gas,  thus  formed,  is  colourless,  has  a 
nauseous  smell,  is  not  sensibly  absorbed  by  crater,  extinguislies 
flame,  and  destroys  animal  life.  It  burns  with  a  blue  flame ; 
and  if  the  neck  of  the  vessel  containing  it  be  narrow,  the  arsenic 
is  deposited.  Wben  mixed  with  oxygen  and  brought  in  con- 
tact witli  a  lighted  taper,  an  explosion  takes  place,  and  w^ter 
and  arsenious  acid  are  formed.  Arsenietted  hydrogen  gas  is 
not  altered  by  common  air,  azotic  gas,  nor  hydrogen.  Nitrous 
gas  occasions  a  diminution  of  about  two  per  cent*  Sulphuretted 
hydrogen  gas  occasions  no  change  in  it ;  but  if  chlorine  gas  be 
added  to  the  mixture  of  these  two  gases,  the  bulk  diminishes, 
and  yellow-coIoure<l  flakes  are  deposited.  Hence  these  tw*o 
gases  furnish  us  with  a  delicate  test  for  detecting  the  presence 
of  arsenietted  hydrogen.  Concentrated  nitric  acid,  when  sud- 
denly mixed  with  this  gas,  causes  an  evolution  of  red  fumes, 
and  an  explosion  accompanied  with  flame. 

When  tin  is  melted  in  this  gas  the  arsenic  is  absorbed  and 
tlie  hydrogen  set  at  liberty,  as  Gay-Lussac  and  Thenard  first 
showed.  Dumas  found  that  a  volume  of  this  gas  when  heated  in 
this  way  left  1  ^  volume  of  hydrogen  gas.  He  found  that  for 
complete  combustion  1  volume  of  this  gas  requires  I J  volume  of 
oxygen.  The  products  are  water  and  arsenioas  acid.  Now 
1'5  volume  of  hydrogen  require  0*75  volinne  of  oxygen.  There 
remain  for  the  arsenic  0*73  volume  of  oxygen  ;  which  is  equi- 
valent to  an  atom  and  a  half.  There  can  be  no  doubt  tliat  the 
gas  is  a  compound  of 

IL  volume  of  hydrogen  gasj    1  condensed  into   1  volume, 

1  volume  of  arseiuc  vapour,  3  Hence  we  see  that  a  volume 
of  arsenic  vapour,  which  is  eqidvalent  to  an  atom,  requires 
for  conversion  into  arsenious  acid  to  combine  vrith  1^  atom  of 
oxygen. 

The  s(>fcific  gravity  id  arsenietted  hydrogen  gas,  as  deter- 
mined by  Dunias,  is  2*695*  If  we  subtract  from  this  gravit}^ 
0*10416    {l}j    volume   hydrogen),   die   remainder   2*59 1  will 
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indicate  the  quantity  of  arsenic  coBtaiiied  in  a  volume  of  the 
gas*     The  gna  thep  is  a  compound  of 

Hydroi^en         .         ,         0-10416 


8M!t,X. 


Arsenic 


2  591 


Now  these  numbers  are  proportional  to 

Hytlrogen         .         .         01875 
Arsenic  •         ,         4*664 

The  first  of  these  numbers  represents  the  weight  of  1 J  atom 
hydrogen*  The  second  4-6645  is  the  weight  of  an  atom  of 
arsenic.  It  is  a  little  below  the  number  4*75,  which  I  have 
pitched  upon  for  the  atomic  weight  of  arsenic ;  ow^ig  doubts 
less  to  difficulty  of  detennining  the  specific  gravity  of  arse- 
nietted  hydrogen  with  perfect  accuracy.  7^he  weight  of  a 
volume  of  arsenic  vapour  deduced  from  the  atomic  weight 
4*75  is  •2-6888.  Consequently,  if  that  weight  be  accurate,  as 
I  thiiJt  it  i.s,  arsenietted  hydrogen  is  a  compound  of 


1 J  volume  hydrogen  gas 
1     volume  arsenic  vapour 


0*10416 
2-68888 

2-79305 


And  its  true  specific  gravity  must  be  2'79305.     This  diflfers 

liy  aliout  4  per  cent,  from  the  experimental  result  of  Dumas, 

There  \s  a  solid  compound  of  arsenic  and  hydrogen,  which  2a£'^ 
was  first  noticed  by  Ritter,  It  is  obt^'^iined  when  a  rod  of 
urHtvriie  is  attached  to  the  negative  pole  of  a  galvanic  battery 
and  plunged  into  water,  while  a  wire  from  the  positive  pole 
plunges  into  the  same  liquid.  The  hydrogen  of  tJie  water 
instead  of  being  disengaged  imites  to  f  he  arsenic^  and  brown 
flocks  are  disengaged  which  constitute  the  hydret  of  arsenic 
in  question.  It  may  l>e  collected  and  dried  without  alteration^ 
and  is  not  even  decomposed  though  heated  to  a  cherry  red  in 
azotic  gas  :  but  when  heated  in  air  or  oxygen  gixs  it  catches 
fire,  and  water  and  arsenious  acid  are  formed. 

VIII.  Nothing  is  yet  known  respecting  the  combinations 
of  arsenic  with  azote,  carbon,  boron,  or  silieim. 

IX.  Arsenic  combines  readily  with  pliosphorus.     The  phos-  Fho«|itium, 
phuret  of  arsenic  may  be  formed  by  distilling  equal  piirts  of 

its  ingrecUents  over  a  moderate  fire.  It  Is  black  and  brilliant, 
and  ought  to  be  preserved  in  water.  It  may  be  formed  like- 
wiise  by  putting  equal  jmrts  of  phosphorus  and  arsenic  into  a 
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Chap.  iL    sufficient  quantity  of  water,  and  keeping  tlie  mixture  modr- 

rately  hot  for  some  time.* 
iQiphiuet  X.   Sulphur   and   arsenic   unite   in    different   propiMtioai 

Four  different  sulphurets  of  arsenic  are  known,  and  hare  bees 
accurately  analyzed, 

1.  Sulphuret  or  realgar.  If  we  put  a  mixture  of  these  tie 
bodies  into  a  covered  crucible  and  melt  them,  a  red  vitieov 
mass  is  obtained,  which  is  obviously  a  sulphuret  of  arseoit 
It  may  be  formed  also  by  heating  together  arsenious  oraneiar 
acid  and  sul))hur ;  but  in  that  case  a  portion  of  the  sulpliar 
absorbs  the  oxygen  from  the  arsenic,  and  makes  its  escqie  ■ 
the  form  of  sulphurous  acid  gas.f  This  sulphuret  of  an 
is  found  native  in  different  parts  of  Europe.  It  is  qsd 
called  realgar.  It  has  a  scarlet  colour,  and  is  often  crystalliie' 
in  transparent  prisms.  Its  specific  gravity  is  d'd3844  It  t 
tasteless  and  not  nearly  so  hivtfiil  as  the  oxides  of  aisenk 
though  Macquor  affirms  that  it  is  poi8onous.§  It  is  somedofi 
used  as  a  paint 

This  sulphuret,  according  to  the  experiments  of  Benditf^ 
is  composed  of 

Arsenic  .         .         100 

Sulphur         .         .  42-85 

Now  42-85  is  to  100  as  2  to  4-667.  These  two  numbers  r 
so  near  the  atomic  weights  of  the  two  bodies,  that  We  can  loR 
no  doubt  that  realgar  is  a  compound  of 

1  atom  sulphur         .         .  2 

1  atom  arsenic  .         .  4*75 

6-75 

and  tliat  its  atomic  weight  is  6-75. 

When  24  parts  of  nitre,  7  of  flowers  of  sulphur,  and  2  * 
realgar,  are  triturated  together,  they  form  a  mixture  which  bun* 
with  an  exceedingly  white  flame  and  great  splendour.  It  if 
known  by  the  name  of  white  Indian  fire,  and  is  occasiona3T 
used  in  fire-works  and  in  theatres  when  a  very  aJewii 
combustion  is  wanted. 
EecquUuiphu.  2.  Sesquistflphffret  of  arsetiic  OT  orpifHent.  If  arsenioiisacii 
be  dissolved  in  muriatic  acid,  and  a  solution  of  sulphurettN 
hydrogen  in  water  be  poured  into  the  liquid,  a  fine  yelk^- 

*  Pelleticr,  Ann.  dc  riiim.  xiii.  139. 

t  Proust ;  Jour,  dc  Phys.  liii.  94.  f  Haiiy's  Mineralogie,  iv.  Ks 

§  Hoffman  informs  us,  that  he  gave  two  scruples  of  it  to  a  dog  ^ishsi 
any  bad  effects  whatever.     Obscrv.  Physico-Chemico-Seiect.  p.  236. 


ert. 
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coloured  powder  fdk  to  the  bottom*  TJii?*  powder  is  usually 
called  orpimenf.  It  may  be  formed  by  Riiblimiug  arsenic  aiid 
sulphur  by  a  heat  not  sufficient  to  melt  them,  Thi*j  substance 
is  found  native.  It  is  compo>sed  of  thin  pktesj  which  have  a 
considerable  degree  of  flexilnlity.  Its  specific  gravity  is 
3*452*2.*  It  has  been  supposed  by  some  chemists^  that  orpi- 
ment  diifers  from  realgar  merely  in  containing  a  smalh^r  pro- 
portiou  of  suljihur;  by  others,  that  the  arsenic  exists  in  it  in 
the  state  of  an  oxide  ;  by  othersj  that  it  contains  sulphuretted 
hydrogen.  But  Mr.  Proust  has  ascertained,  that  when  heated 
sufficiently  it  melt^  without  emitting  any  gas,  and  on  cuoling 
assumes  the  appearance  of  realgtir.f  Haliy  oljserved  that  the 
figure  of  their  crystals  is  the  seune.  Hence  he  was  led  to 
coasitlcr  them  as  different  forms  of  the  same  substance,  con- 
formably to  the  opinion  oi'  Proust-J  This  induced  Laugier  to 
make  a  set  of  experiments  to.  elucidate  the  subject.}  The 
result  of  his  experiments  wim  that  sulphuret  of  arsenic,  artifi- 
ally  prepared,  is  composed  of 

Arsenic  ,       \         58^         -         •         100 

Sulphur         .         ,         41 1         .         .  71*42 

Jut  Berzelius  has  shown  that  the  experiments  of  Laugier  were 
aaccurate  in  many  respects.     It  foUows  from  the  observations 
Bencelius  that  orpiment  is  a  compound  of 
Arsenic  .         ,         61 

SuJphur  .         *         39 

[Kow  39  IS  to  61  as  3  (li  atom  sulphur)  to  4*692,  which  m 
rery  nearly  an  atom  of  arsenic.  It  is  evident  from  this  that 
Eirpimeut  is  a  compound  of 

1^  at<»m  sulphur         •         •         3 
1    atom  arsenic  <         .         4*75 


9«tX. 


7-75 


id  that  its  atomic  weight  is  7*75. 

3-   Sulphide  of  arsenk\\\    When  a  current  of  sulphuretted suiiiiiid<t 
pdrugen  gits  is  passed  through  a  moderately  concentrated  sola- 
oa  of  arsiciiic  acid  in  water  a  yellow  coloured  precipitate  falb, 

•  Hatly,  i?.  2.55*  f  Jour,  de  Phys.  liii.  D*. 

f  Ann.  (le  Chim.  Ixxinr.  36.  §  Ibid. 

I  I  adopt  thia  name  of  Bereeliws  for  warn  of  a  better  to  distinguisli  this 
DUtid  from  the  preceding.     But  in  the  ijubsequent  jiart  of  ihis  work  I 
i  use  the  term  tulphide  to  denote  tito^c  compaiiiid^  of  suiptiiir  and  a 
!  which  possess  iicid  propicrtiea.      All  tlie  cooipountls  of  iiulphur  and 
are  in  reality  ruipfMkt* 


^ 
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Chap.  It  yery  much  resembling  orpiment  in  appearance.  Tlie  nature  of 
this  precipitate  was  first  recognised  by  Berzelius.  It  is  nock 
less  fusible  than  sulphur,  and  when  fused  its  colour  beoona 
deeper  and  reddish.  It  sublimes  unaltered  and  fonm  i 
brownish  red  mass  not  the  least  crystalline  in  itB  teztare. 
When  boiled  with  alcohol  a  little  sulphur  is  dissolved,  wtiA 
crystallizes  as  the  liquid  cools.  It  reddens  tincture  of  fitna 
when  boiled  with  it ;  but  the  blue  colour  returns  ^i^ieii  Ae 
liquid  cools.  The  alkaline  hydrates  and  concentrated  amiMn 
dissolve  it  It  decomposes  the  hydrosulphurets  and  the  cv- 
bonates.  According  to  the  analysis  of  Berzelius  it  is  tm- 
posed  of 

Arsenic  •         •         100 

Sulphur         .         .         106-91 
Now  100  is  to  106-91  as  4-75  to  5-07a     But  5-078  is  abut 
exactly  2^  atoms  of  sulphur.   -  It  is  obvious  from  Uiis  that  ift 
sulphide  of  arsenic  is  a  compound  of 

1    atom  arsenic  •         •  4*75 

2^  atoms  sulphur         .         •  5 

9-75 

and  that  its  atomic  weight  is  9'75. 
iHsnuiphurcc.  4.  Persulphuret  of  arsenic.  This  compound  was  abo  fr 
covered  by  Berzelius.  It  may  be  obtained  by  precipitating  t 
neutral  solution  of  sulpharseniate  of  potash  or  soda  by  warn 
of  alcohol,  filtering  the  liquid  and  disrilling  off  the  hal^  cr  tf 
most  two-thirds  of  the  alcohol.  When  the  residual  liqniili 
allowed  to  cool  it  deposites  groups  of  yellow  brilliant  crptJ^ 
exceedingly  bulky  and  light.  With  these  crystals  are  mixi^ 
small  particles  of  an  alkaline  sulphuret  This  persulpburcii 
according  to  the  analysis  of  Berzelius,  is  composed  of 
Arsenic  .         .         20-61 

Sulphur         .         .         79-39 


100* 
Now  20-61  is  to  79-39  as  4-75  to  18-29.     And  18-29  conei 
very  near  the  weight  of  9  atoms  of  sulphur.      It  is  clear  feis 
this  that  persulphuret  of  arsenic  is  a  compound  of 
1  atom  arsenic  .         .  4*75 

9  atoms  sulphur         .         .  18 


22-75 


*  Chemistry,  ii.  440. 
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Its  atomic  weiejlit  h  22*755  and  it  contains  just  twice  as  much 
{^ulpliur  Its  tiie  sulphide. 

XI*  Selenium,  when  in  a  state  of  fumon,  diAsolves  arsenic 
hy  de^ees.  I'he  excess  of  eitlier  bmly  sublimes  if  the  heat 
he  continued,  .and  we  obtain  the  seleniet  of  arsenic  in  the 
state  of  a  hlaek  and  very  fusible  mass.  When  heated  to  red- 
ness, it  boils,  and  a  portion  sublimea,  which  Benselius  cousiders 
as  a  biseleniet  of  arseiuc.  The  boiling  soon  terminates,  and 
the  matter  remains  in  a  red  heat,  witliont  any  agitation.  At 
a  white  heat  it  distils  over  in  drops.  When  cold,  it  has  a 
blackish  brown  colour.     It  has  a  vitreous  fracture.* 


SECTION  X!.^ — OF  ANTIMONY. 

The  ancients  were  acquainted  with  an  oxide  of  antimony  iHMorr. 
to  which  tl»ey  gave  the  names  of  (Pifijm  and  siibinm.  Plinyf 
informs  us,  that  it  was  found  in  silver  ore ;  and  we  know  that 
at  present  there  are  silver  oresj  in  which  it  is  contained.  It 
was  used  as  an  external  a[>ptication  to  sore  eyes;  and  Pliny 
gives  us  the  metliod  of  prepariujtr  itg  It  is  probable  that  a 
dark  bluish  grey  mineral,  of  a  metallic  lustre,  was  also  known 
to  them  by  the  same  names.  It  certiiinly  bore  these  names  as 
early  at  least  as  the  eighth  century.  This  mineral  is  com- 
posed of  the  metal  now  cJilled  atUimony  and  sulphur ;  but  it 
was  known  by  the  name  of  antimony  ever  since  the  days  of 
BsLsil  Valentine  till  ver^^  lately,  "Hie  metid  itself,  after  it  wn& 
discovered,  was  denominated  reffulus  of  antimony.  The  Asiatic  || 
and  Grecian  ladies  employed  this  mineral  to  paint  their  eye- 
brows black.  But  it  does  not  appear  that  the  ancients  con- 
sidered this  substance  as  contauiing  a  metid,  or  that  tliey  knew 
our  antimony  in  a  state  of  purity .f  MTao  first  extracted  it 
from  its  ore  we  do  not  know ;  but  Ilasit  Valentine  is  the  first 
who  describes  the  process.  To  his  Currus  Triumphalis  And' 
mofiii^  published  towards  the  end  of  the  fifteenth  century,  and 
to  the  exertions  of  those  medical  alehymists  who  followed  his 
career,  we  are  indebted  for  almost  all  the  properties  of  this 
subst^mce  yet  known. 

•  Berxelitis,  Ann.  de  Chini»  et  de  Phys.  ix.  250. 

f  Pliny^  lib.  xxxiii.  cap.  6.  ^  Rirwan's  Miner,  ti.  110. 

§  P1iny«  lib.  xxxiiL  cap.  6.  |)  3  Kings,  ix,  30,  and  Exek.  xxifu  40. 

f  Mr.  Houx,  indeed,  who  at  the  request  of  Count  Cuylus  analyzed  an 
ancient  mirror,  found  it  composed  of  copper,  lead,  and  imtimony.  This 
woulct  go  far  to  convince  us  that  the  ancients  knew  this  tnctal,  jirovidtHj  it 
could  be  provctl  that  the  mirror  was  rrai/y  an  ancient  one ;  but  ibis  point 
ap}>ear3  Co  be  extremely  doubtful* 
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cft^^Il.     .  No  metal,  not  even  mercury  nor  iron,  has  attracted  go  i 

""  "  of  the  atteiitioii  of  pliysicians  as  antimony.  One  party  extoUe 
it  as  an  infallible  specific  for  every  disease  :  wliile  another 
decried  it  as  a  moi^t  virident  poison,  wkich  ou^ht  to  be  expimged 
from  the  list  of  medicines.  Lemeri,  about  tlie  end  of  tte  174 
centnryj  was  the  first  chemist  who  attempted  a  rational  accoml 
of  its  properties;  and  Mender,  in  17 88,  published  tlie  iit 
tolerably  accurate  analysis  of  its  ores.*  But  the  number  rf 
writers  who  have  made  this  metal  their  particular  study  is  10 
great,  that  it  would  be  in  vaiJi  to  attempt  even  a  list  of  tiii 
names.  Bergman,  BerthoUet,  Tlieuard,  Proust,  and  Berz#te 
are  the  modern  chemLsts  who  have  thrown  the  greatest  fig|l  \ 
upon  its  properties -f 

Antimony,  as  it  is  met  with  in  commerce,  is  never  < 
pure;  but  it  may  be  purified  by  the  follow^iiig"  process:  Utdm 
j  it  to  a  fine  powder,  and  mix  it  witli  its  owii  weight  of  ant 

!  acid,  and  fuse  it  in  a  crucible.     The  impurities  are 

di^ed  and  separated  by  the  oxygen  of  the  aiitimanic  ; 
tlie  metal  remains  in  a  state  of  purity, 
pj^jp^j^j^^         Pure  antimony  has  a  silver  white  colour  and  a  g'ood  dc«li 
lustre.     Its  texture  is  fibrous,  or  perhaps   composed  of  ' 
fine  phites  ;  but  it  does  not  present  the  broad  Uuninated  tn 
ture  of  the  antimony  of  commerce.    It  is  easily  crystalliitxi  5 
fusion  and  slow  cooling.     The  primary  form  of  its  crvstab  i 
the  octahedron.      It  is  quite  brittle  and    easily    reduced 
(  powder  in  a  mortar.     Its  specific  gnivity,   as  determtncti  I 

j  me,  is  6*4366.     Mr,  Hatchett  found  tliat  of  the  antinKUiri 

commerce  6*712,     BrLsson  stFites  it  at  6*702,  and  Bergtmol 
,  6*86.     According  to  the  experiments  of  Dr.  Cromwell 

timer^   it   melts    at  810^;  or  just  when  heated   tjo  redne^l 
When  heated  to  whiteness  by  the  blowpipe,  and  thrown  1 
tlie  taide,  it  burns  for  some  time  with  great  splendour,  gi^ 
out  a  white  smoke,  and  rolling  about  upon  the  table.     It  i 


•  Aniilysis  Antimomt  Physico-chim,  Eationalts. 

f  The  word  alrofml^  which  is  stilt  employed  in  chemistry,  wk,  *i  i 
believe  Honicrm  Poiifiius  Thiilliiius,  first  applied  to  this  minora].  * 
aids  luulierculis  ejus  usus  in  eiliomin  puk-hriuidine  coiiciLlaudii  fiiit  . 
tissimus :  putvercni  autcio  vocaharit  aki»hol  (quic  vox  ciiani  adhuc  to 
meticoruiii  luboratfiriih  honat);  untie  antimoniiim  cruduni  et  noiidun 
tusmii  pietira  de  alcnbal  iiotninanint/*  It  was  known  among  thcalchi 
by  B  great  varictj  ot  absurd  natiies ;  such  as  Olhia,  alkofol,  alkciMvt. 
8aturnus  philosojjbomm,  niagaesia  Satunii,  filius  et  nothus  ^attinik 

\  Phil  Traaa.  1747,  p.  mt. 


ANTIMONY.  01 : 

ticipfttofl  diii  property  with  tin  and  bismuth.    At  a  wliite  heat    ®*^  ^^ 
It  may  he  distilled  over. 

II.  Wlieti  exposed  to  the  air,  it  undergoes  noehange  except 
the  h>ss  of  its  hrstre.  Neither  h  it  altered  by  hein;^  kept  under 
\*ater.  But  when  steam  is  made  to  pjiss  over  red-liot  anti- 
rnony^  it  u  deeompoBed  so  rapidly,  that  a  violeut  detouation  is 
the  cousequeuce-* 

When  heated  in  an  open  Vessel,  it  j^radually  eombines  witii 
oxygen,  and  e^^porates  in  a  white  vapour.  This  vapour, 
when  coUected,  constitutes  a  white  coloured  oxide,  formerly 
called  argefitme  flowers  nfontimimtf.  WTien  raised  to  a  white 
heat,  and  suddenly  agitated,  autiniony  hurus^  aiul  is  converted 
into  tlie  same  white  coloured  oxide. 

TTie  oxides  of  antimony  have  been  investigated  witJb  con-  OxiOoi. 
sidenihle  care  by  T!ienard,f  Prou8t,J  Bucholz,  and  Berzeliu?.} 
According  to  Theuard,  this  metal  forms  no  fewer  tlian  six 
oxides;  acconliug  to  Prou^^t  aiul  Rueholz,  whose  researches 
eoiucide  wifli  those  of  Proust,  it  forms  only  two :  while 
aecordiug  to  Berzelius  it  is  aipalde  of  forming  four  oxides* 
The  protoxide  of  Berzelius  was  obtained  by  exposing  antimony 
to  the  air  or  to  the  action  of  the  galvanic  battery.  It  was  a 
grey  powder.  M'hen  acted  on  by  nmriiitic  acid  it  was  separ- 
ated into  the  protoxide  of  Proust  and  metallic  antimony. 
Hence  it  is  probably  merely  a  mixture  of  the  two*  The  two 
oxides  of  l^roust  are  easily  obtained  and  possess  specific  char- 
acters* Berxelius  hasshou^  that  the  second  of  tliem  possesses 
the  properties  of  an  acicL  The  peroxide  of  Berzelius  is  also 
readily  obtained;  though  it  is  not  easily  freed  from  water.  It 
likewise  |)ossesses  the  properties  of  an  acid.  We  know  therefore 
three  compounds  of  antimony  and  oxygen.  The  oxide  is  grey^ 
antimonioits  acid  is  tr/tite^  and  antimonic  acid  Is  stratv  yellow, 

I.  The  oxide  of  antimouy   may    be  obtained  l>y  the    fol- rri>unadc. 
lowing  process.    Dissolve  antimony  in  muriatic  acid,  and  dilute 
the  sobition  with  water  :  a  white  precipitate  appears,  composed 
of  the  protoxide  of  antimony  combiued  witli  a  little  muriatic 
acid.  II    Wash  this  jirecipitate  witli  water,  and  boil  it  for  some 

*  Lavoibief  and  Mcu^ntcr^  Meoo.  Par.  178b  p-  ^'i^' 

t  Ann.  dc  Chim.  xxxii,  tAD.  J  Jour,  dc  Phys.  Iv,  328. 

§  Nicholson'B  Joumd,  xx%vt.  241,  343,  and  xxxv.  38,— Annals  of  Philo- 
aophv*  iii,  248. 

y  The  white  poTvder  thuM  obuuned  was  fonncrly  called  pomlcr  of  Alga* 
rolh,  from  Victor  Atgiirothi,a  phj&iciao  in  Verona,  who  first  procured  it  in 
that  manner  front  muriate  of  antrmony. 
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ch*p,  a    time  in  a  solution  of  carbotmte  of  potash.      Xhen  wash  il  ^ 

and  dry  it  on  a  filter.* 

According  to  Borzelius,  it  rMy  be  obtained  also  by 
ing  antimony  by  means  of  nitric  acid,  and  washing  the 
formed  with  water,  till  it  ceases  to  redden  littnus  paper-    U| 
then  to  be  dried, 

Pn»iwrtic(«.  Oxidc  of  antimony  has  usually  a  dirty  white  €M>lour.  Wkea 

obtained  by  sublimation^  or  in  tbi^  state  known  by  the  oamr  of 

j  argcutiue  flowers  of  antimony,  it  has  a  white  colour  ami  t 

I  beautiful   silky  lustre*      When  heated  it  assumes  a  ye!li«f 

I  colour.     When  rapidly  heated  to  redness  in  an  open  vesHelfit 

glows  like   tinder,  and  is   converted  into    antimonious  adi 

When  heated  to  redness  in  a  retort,  it  melts  and  forms  t  y«t 

low  coloured  liquid,  w^hich  crystallizes  on  cooling,  and  a»m0 

a  pearl  grey  colour.      It  may  be  sublimed  or  distilled  dfcri 

I  a  red  heat,  in  vessels  freed  from  air  or  oxygen  gas.     By  lU» 

easy  fusibility  and  volatility,  it  Is  readily  distinguished  biM 

the  other  oxides  of  antimony.     This  oxide   enters  as  a  btf 

into  the  compound  salt  called  tartar  emetic*      But  with  tla 

exception  it  seems  rather  to  possess  the  cliaracter  of 

than  a  base.     For  it  combines  with  j)otash,  soda,  and 

and  forms  with  them  crystalline  salts,  little   soluble  m  ' 

This  oxide  dissolves  very  readily  in  muriatic  aeid« 

What  is  called  t/i^s^  of  aniimmiy^  is  nothing  more 
oxide  combined  with  some  snlphuret  of  antimony, 
silica  derived  from  the  crncible.     It  Ls  prepared  by 
sulphuret  of  antimony  in  powder,  till  the  greatest  part  of 
sulphur  is  driven  off.     The  residue  is  then   fused  in    ~ 
crucible.     This  glj^s  is  usually  employed  for  the  mam 
of  tartar  emetic.     The  whole  process  consists  *in  boiling 
glass  reduced  to  a  fine  powder  with  cream  of  tartar  and 
drawing  oflf  the  liquid  trom  the  undissolved  portion,  and 
it  aside  to  crystidlize.     Care  should  be  taken  that 'the 
is  continned  long  enough  to  saturate  the   bitartrate  of 
with  oxide  of  antimony* 

Glass  of  antimony  has  a  bro^Tiish  yellow  colour,  a 
degree  of  transparency,  a  glassy  fracture,  and  it  is  quite 
less.     When  the  proportion  of  sidphuret  of  antimony  is 
siderablej  the  ghjis  is  opaque  and  of  a  liver  coloiur.    It  ii  tha 
called  Urer  of  antimony, 
acjtL  2.  Antimonious  acid  is  easily  obtained  by  oxvdizing  anc* 

♦  FVouBt,  Jour,  de  Phya,  Iv.  328^ 
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hy  me^nfi  of  nitric  acid  evaporating  to  dryness,  and 
ejqiosin^  the  residual  matter  to  a  red  heat.  It  lia^  a  fine 
white  eoloiir ;  but  becomes  yt^How  when  heated.  It  cannot  be 
fttsed  nor  sublimed  at  a  red  beat;  nor  indeed  <loes  it  undergo 
any  alteration  by  exposure  to  a  strong  lieat;  except  that  it 
becomes  less  easily  acted  on  by  acids  or  bases. 

It  Ls  not  nearly  so  easily  reduced  ti>  the  metallic  state  when 
heated  witli  charcoal  as  oxtth  of  antimony.  Heated  before 
the  blowpipe  in  the  interior  flame,  it  evaporates  without  leav- 
injE;-  any  metallic  button.  Wlien  heated  with  a  mixture  of 
charcoal  and  potash,  it  may  be  obtained  in  the  metallic  state. 
When  fused  with  potash  or  its  carbonate,  a  compound  is 
formed  which  dissolves  in  water,  from  which  the  nntinionious 
acid  is  precipitated  by  the  addition  of  water  in  the  state  of  an 
hydrate.  According  to  the  experiments  of  BerzeliiLS,  it  is  a 
compound  of  94*74  antimonioiis  acid  ami  5-26  water.  It  will 
appear  immediately  tliat  it  is  a  compound  of  3  atome  antimo- 
iruMis  acid,  and  1  atom  water ;  or  it  is  a  trishydrate  of  antimo- 
iiions  acid. 

Tlus  hydrate  is  soluble  in  muriatic  acid,  though  the  anhy- 
drous antimonious  acid  dissolves  only  exceedingly  slowly. 
Mlien  the  solution  Ls  dilute*l  with  water,  the  antimonious  acid 
precipitates  after  a  certain  time. 

Berxelius  found  that  100  parts  of  pure  antimony,  when  con- 
verted into  antimonious  acid,  give  124*8  parts  of  that  acid.* 
Hence  antimonious  acid  is  a  compound  of 

Antimony         .         ,  100 

Oxygen  •         •  24*8 

He  found  also  that  when  124*8  parts  of  antimonious  acid  are 
mixed  with  S:V^  parts  of  antimony,  the  whole  is  converted  into 
oxide  of  antimony,  weighing  158*13.t  It  is  obvious  from 
these  experiments,  that  oxide  of  antimony  is  a  compound  of 
133 J  antimony,  and  24*8  oxygen ;  while  antimonious  acid  is 
a  compound  of  100  antimony,  and  24-8  oxygen,  or,  in  other 
words,  we  have  the  constituents  of  these  bodies  as  follows: 

Antimony.      Oxyfm. 

Oxide  of  antimony         ,         ,         100  +  18*6 

Antimonious  acid  .         ,  100  +  24*8 

Now  the  numbers  18*6  and  24*8  are  to  each  other  as  3  to  4. 

If  tlierefore  we  consider  oxide  of  antimony  as  a  compound  of 

1  atom  antimony,  and  1  atom  oxygen,  it  is  clear  that  antimo- 


Sn^Xl 


Compoiftloii. 


•  Ann.  de  Chini.  et  de  Phys.  xvii.  17, 


t  Ibid,  p.  J  8. 
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nioim  acid  must  be  a  compoiiiid  of  1  atom  antimony?  and  1} 
atom  oxyg"i?n ;  and  the  atom  of  antimony  will  be  5*-375. 

3,  Aotimoiiic  ac-id  may  be  obtained  by  disj^oiving  antimony 
in  aqua  regia,  evaporatiug  the  solution  to  dryness,  adding 
nitric  acid  to  the  residue,  and  !ieating  it  till  all  the  nitric  acid 
is  expelled.  We  must  beware  of  raising  the  temperature  to 
rednesSj  otherwise  the  antimonic  acid  will  lose  oxygen,  and  be 
converted  into  antimonious  acid, 

Antimonic  acid  is  obtained  also,  when  antimony  in  powder 
is  mixed  with  six  times  its  weight  of  nitre  and  exposed  for  an 
hour  in  a  silver  crucible  to  as  strong  a  heat  as  the  crucible  can 
bear*  l^he  potash  and  nitre  are  then  to  be  washed  i>W  with 
water*  The  white  powder  remaining  is  to  be  digested  for  a 
long  time  in  muriatic  acid  to  deprive  it  of  the  potash  which  it 
contidns.  It  is  then  to  be  dried  and  exposed  to  a  heat  suffi- 
ciently strong  to  drive  off  the  w^ater  with  which  the  oxide 
still  continues  united. 

It  is  a  straw  coloured  powder,  tasteless  and  insoluble  in 
water.  When  digested  with  the  alkaline  carljonates  in  solntion 
in  water,  it  does  not  decompose  them;  but  when  heated  to- 
gether with  tliem  in  a  crucible,  the  carbonic  acid  is  tlriven  off, 
and  antimoniates  formed.  It  dissolves  in  boiling  caustic  pot- 
ash. The  acids  precipitate  from  this  solution  a  white  powder, 
which  is  a  hydrated  mitimtmic  acid.  This  hydrate  reddens 
litmus  paper,  and  dissolves  both  in  muriatic  acid  and  in  caustic 
alkaline  leys.  When  the  muriatic  acid  solution  is  diluted  with 
a  little  water,  the  antimonic  acid  gradually  precipitiites ;  but^ 
according  to  L,  Gmelin,  if  it  be  mixed  at  once  with  a  consid- 
erable quantity  of  water,  no  precipitate  appears.  Tliis  is  not 
the  case  with  the  muriatic  solution  of  antimonious  acid. 

When  this  hydrate  is  heated^  100  parts  of  it  give  out  5*09 
part«  of  water.  The  anhydrous  acid  assumes  a  yellow  colour, 
and  loses  the  property  of  reddening  litmus  paper.  When 
antimonic  acid  is  heated  to  redness,  it  gives  out  ox^^gen,  and 
is  converted  into  antimonious  acid. 

1  found  that  5i  parts  of  antimony,  w*hen  converted  into 
antimonic  acid,  become  7 J  parts,  and  that  when  100  grains  of 
antimonic  acid  w^ere  heated  to  redness,  they  gave  out  above 
18  cubic  inches  of  oxygen  gas,  I  found  also  that  7^  parts  of 
antimonic  acid,  when  converted  into  antimonious  acid,  weighed 
7  parts.* 

♦  Aanals  of  Philosophy  (2d  aeries),  ii»  124. 
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But  Bcrzclius,  wlio  refiumed  the  investigation  of  these  oxides 
after  tlie  appearance  of  my  experiments,  found  that  100  parts 
of  antimony,  when  nnited  with  oxygeo,  aiul  converted  into 
aiitimonic  acid,  weighed  only  131  parts;  while,  in  my  trials, 
the  increase  was  from  100  to  136 '3.  I  do  not  know  on  w^hat 
tliis  difference  in  onr  results  can  depend,  unless  1  had  not 
sufficiently  dried  my  antimonic  acid  to  expel  the  whole  wnter 
and  nitric  acid.  The  difference  on  the  scale  on  which  my 
experiments  were  made,  would  have  amotmted  almost  to  0-3 
grain,  a  difference  which  could  not  have  escaped  detection. 

The  remarkable  analogy  between  arsenic  and  antimony 
(which  Rose  has  shewn  to  he  isomorphoiis  bodies)  buluces  me 
to  consider  the  result  of  Berzelius  as  tlie  correct  one.  For  if 
100  antimony  to  form  oxide  combines  with  18'6  oxy^en^  and 
to  form  antimonic  acid  with  31  oxygen,  then  the  constitution 
of  oxide  of  antimony,  and  antimonic  acid,  will  be  precisely  the 
same  as  that  of  arsenious  and  arsenic  acid*  For  18*6  is  to  31 
exactly  as  3  to  5. 

Rut  if  we  confide  in  the  analysis  of  Berzelins,  the  oxygen 
in  the  oxides  of  antimony  is  as  the  nuiinbers  3,  4,  and  5, 
How,  then,  shall  we  view  the  composition  of  these  oxides? 
If  the  oxide  be  a  compound  of  1  atom  antimony,  and  1  atom 
ojcygen,  tlien  the  composition  would  be 

AnliBOQf.  Oxjgen^  Atomic  uretirht. 

1  Oxide       .         ,         .         1  atom  +  1    atom  6'37rj 

2  Antiitionioiis  acid       .         1             +  H  6*70R 

3  Antimonic  acid           .         1             +  1}  7-041 
Numbers   so  exceedingly  complicated,    that  they  can  never 
represent  the  real  constitution  of  these  bodies. 

If,  in  consequence  of  the  analogy  between  arsenic  and 
antimony,  we  consider  the  oxide  as  a  compound  of  1,^  atom 
I  oxygen,  and  the  antimonic  acid  of  2^  atoms  oxygen,  wnth  an 
■  'fttom  of  antimony,  then  the  atom  of  antimoily  will  become  8, 
ftmd  we  sliall  have  the  constitution  of  these  oxides  as  follows : 

F 

L  This  is  a  much  simpler  view  of  the  subject;  and  as  it  preserves 
the  analog)^  betw^een  antimony  an<l  arsenic,  I  am  disposed  to 
iiclopt  it.  We  might  get  rid  of  the  anomaly  of  the  2.^  atoms 
of  oxygen  in  antimonic  acid,  by  considering  it  as  a  compound 
of  two  atoms  of  antimonious  acid,  and  1  atom  of  oxygen*  Tliis 


Sect  XL 


oJT  Lheaxkle*. 


Aotlmonr.              Oxygen.             Atomk  weight. 

1  Oxi«le 

1  atom  +  1-5  atom      9-5 

2  Antimonious  acid 

1            +2                10- 

3  Antimonic  acid 

1              t    2-5              10-5 
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c«»^  ".    would  make  its  atomic  weight  21.  Now  Berzelius  found  anti- 
moniate  of  potash  a  compound  of 

Antimonic  acid         .         .         22*8 
Potash  .         .  6 

28-8* 
which  rather  corroborated  this  way  of  viewing  the  acid.  For 
6  is  the  atomic  weight  of  potash,  and  22-8  approaches  21, 
the  atomic  weight  of  antimonic  acid  on  our  supposition.  I  am 
therefore  disposed  to  consider  the  atomic  weight  of  antimonic 
acid  as  21. 

He  found  antimonite  of  potash  a  compound  of 
Antimonious  acid         •         .         19*6 
Potash        ....  6 

25-6 
Now  as  there  is  no  reason  for  considering  the  atom  of  anti- 
monious acid  any  thing  but  10,  this  salt  must  have  been  a 
binantimcnite.  So  also  may  be  the  antimoniate  analyzed. 
We  have  therefore  no  satisfactory  evidence  from  these  analyses 
of  the  atomic  weight  of  antimonic  acid. 

^loridM.  III.  So  far  as  we  know  at  present,  chlorine  and  antimony 

combine  only  in  two  proportions,  and  form  two  chlorides, 
analogous  to  the  oxide  of  antimony  and  antimonic  acid.f 

knquicbio.  1.  It  has  bccu  long  known  that  when  a  mixture  of  2  parts 
of  corrosive  sublimate  and  1  part  of  antimony  is  distilled,  a 
fetty  mass  of  a  greyish  white  colour  comes  over,  often  crystal- 
lized in  four-sided  prisms.  This  substance  was  formerly  dis- 
tinguished by  the  name  of  butter  of  antimony.  It  melts  at  a 
moderate  heat,  is  very  volatile,  and  is  decomposed  when  mixed 
with  water  into  hydrochloric  acid  and  oxide  of  antimony,  with- 
out any  trace  of  antimonious  or  antimonic  acid.  It  is  obvious 
from  this,  that  it  is  a  sesquichloride,  or  compound  of 
1^  atom  chlorine  .         .         6.75 

1    atom  antimony         •         .         8 


14-75 


*  Ann.  de  Chim.  Ixxxvi.  242. 

f  I  described,  in  my  "  First  Principles,"  another  chloride,  which  I  called 
dichloride  of  antimony.  But  I  have  since  found  that  it  contained  a  notable 
quantity  of  chloride  of  lead.  It  was  only  therefore  a  mixture  of  chlorides 
of  lead  and  antimony- 
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So  that  its  atomic  weight  is  14'75.     It  was  subjected  to  an 

analysis  by  M,  H.  Rose,  who  obtaiFied 

Chlorine  .         .         46-73 

Antimony  ,         .         53*27 


100*00* 

The  chlorine  was  a  little  in  excess,  because  the  chloride  of 
silver,  from  which  it  was  deduced^  was  not  quite  free  from 
sulphuret  of  silver.     But  these  numbers  give  usj 
Cldorine  .         •         7 

Antimony  •         .         8 

The  excess  of  chlorine  amounts  only  to  ^\^h^  part 

2.  The  other  chloride  is  obtained  by  passing  a  current  of 
dr}"  chlorine  gtus  over  heated  metallic  fuitimony.  The  anti- 
mony burns  vividly  in  the  gas,  emitting  sparks,  while,  at  the 
same  tune,  a  volatile  liquid  is  forme d»  which  is  the  chloride. 
It  is  a  white  hquid,  or  baring  only  a  light  yellowish  tinge. 
If  die  aiitimony  contiuiis  iron  (as  is  frequently  the  case), 
chloride  of  iron  is  also  formed,  and  mixed  with  this  liquid; 
but  the  chhmde  of  iron  is  left  behind  when  the  liquid  chlo- 
ride, whicli  we  shall  call  perddoride  of  antimiymf^  is  distilled 
over. 

The  perchloride  of  antimony  has  a  strong  and  disagreeable 
smell,  and  fumes  in  the  atmosphere.  Ex[iosed  to  the  air,  it 
attracts  moisture,  and  is  converted  into  a  white  mass,  in  which 
erystak  form.  These  crystals  afterwards  dissolve  \i^thout  ren- 
dering the  solution  milky.  The  reason  is,  that  this  perchloride, 
when  united  to  a  cerUun  quantity  of  water,  forms  solid  crys- 
tals. When  mbtetl  with  water,  it  is  decomposed  and  converted 
into  antimoiiic  acid,  and  murhitic  acid.  It  is  obvious  from  this, 
that  it  is  a  compound  of 

2  i  atoms  chlorine  *         .  11*25 

1     atom   antimony         .         *  8 


F^rchlodde. 
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[,  H»  Rose  subjected  it  to  analysis,  and  obtained 
Chlorine  *  .         59'44 

Antimony  •         •         40*56 


Now  this  IS  equivalent  to 


loot 


Ann.  de  Chim*  el  de  Phys,  xxLk.  243. 


t  Ibid.  p.  245. 
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Cbt9.it  Chlorine  .         .         11-72 

"*  ADtimony  .         .  8 

In  this  analysis  also  the  quantity  of  chlorine  obtained,  exceeds 
the  truth,  owing  to  the  presence  of  a  little  sulphuret  of  silver 
in  the  chloride,  from  which  the  chloride  was  deduced. 

Thus  these  chlorides  are  quite  analogous  in  their  constitu- 
tion to  oxide  of  antimony  and  antimonic  acid.  No  chloride 
analogous  to  antimonious  acid  has  been  detected. 

IV.  Only  one  combination  of  antimony  and  bromide  has 
been  yet  formed ;  it  is  a  sesquibramide  analogous  to  oxide  of 
antimony.  For  our  knowledge  of  it,  we  are  indebted  to 
M.  SeruUas.* 

It  may  be  formed  by  putting  some  bromine  into  a  tubulated 
retort,  and  throwing  on  it  antimony  in  powder  as  long  as  that 
metal  continues  to  take  fire.  It  is  then  to  be  distilled  over 
into  the  receiver.  It  is  much  less  fiisible  and  volatile  than  the 
sesquibromide  of  arsenic.  It  melts  at  about  the  temperature 
of  200^,  and  boils  at  518^.  It  is  colourless  and  crystallizes  in 
needles.  It  attracts  moisture  from  the  atmosphere.  When 
mixed  with  water,  it  is  decomposed  into  oxide  of  antimony  and 
hydrobromic  acid.  From  this  it  is  obvious  that  it  is  a  com- 
pound of 

1^  atom  bromine  •         .         .         15 
1    atom  antimony  .         .  8 

23 
Serullas  analyzed  it,  and  verified  this  constitution. 

V.  Antimony  unites  readily  to  iodine  when  the  two  sub- 
stances are  heated  together,  and  the  excess  of  iodine  is  easily 
driven  off.  The  iodide  is  a  dark  red  solid,  which  melts  readily 
when  heated,  and  which,  when  put  into  water,  is  converted  into 
oxide  of  antimony  and  hydriodic  acid.  From  this,  it  is  evident 
that  it  is  a  sesquiodide,  or  a  compound  of 

1^  atom  iodine  .         .         23*625 

1    atom  antimony         .         .  8 


31-625 
The  iodide  analogous  to  antimonic  acid,  or  the  periodide,  as  it 
would  be  called,  has  not  been  yet  formed. 

VL  Dumas  has  formed  a  fluoride  of  antimony,  which  he 
describes  as  snow-white,  more  volatile  than  sulphuric  acid,  but 
less  so  than  water.     It  is  a  compound,  he  informs  us,  of 
*  Ann.  de  Cbim.  et  de  Phys.  xxxvtii.  322. 
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1|  atom  fluontie 
1    atom  and  moil  y 


3'375 

8 


SecCXI, 


1 


Sulphidci. 


11-375 

ll  is  therefore  a  scsquifluoridc  analogous  lo  oxide  of  anti- 
mony, ami  tlie  other  first  comjiouiKb  of  antimony  with  a 
supporter.* 

VII.  We  are  not  acquainted  with  any  combinations  which 
aotimony  forms  with  hydrogen,  azote,  carbon,  bortm,  or  silicon. 

VI I L  \Vhe!i  equal  part*i  of  antimony  and  phosphoric  glass  Phcwphm^et 
are  mixed  together  witli  a  little  charcoal  powder,  luid  melted 
in  a  crucible,  phosphuret  of  antimony  is  prtxluced.  It  is  of  a 
white  colour,  brittle,  appears  laminated  when  broken,  and  at 
the  fracture  a  number  of  small  cubic  facettes  are  oliservable. 
When  melted  it  emits  a  green  flame,  aiid  the  white  oxide 
of  aritimouy  sublimes,  Phosphuret  of  antimony  may  like- 
wise be  prepared  by  fusing  equal  part**  of  antimony  and 
phosphoric  glass,  or  by  dropping  phosphorus  into  melted 
antimony.f 

IX.  Sulphur  and  aiitiJiiony  combine  in  three  proportions, 
and  form  three  siilphnrets,  quite  analogous  in  composition  to 
the  oxides  of  antimony. 

1.  The  sesquisulphuret  of  antimony  is  found  native,  and  is  ■ 
met  with  in  commerce,  in  tlie  shape  of  cones,  under  the  name 
of  crude  antimony.  It  is  obtained  in  this  state  by  putting  the 
ore  into  a  crucible,  havmg  a  hole  in  its  bottom,  and  placed 
over  another  crucible  of  the  same  si^e,  A  fire  is  kindled  round 
the  upper  erucilde;  the  sulphuret  melts  and  runs  into  the 
under  crucible,  and  forms  a  cone,  while  the  earthy  and  stony 
matter  remains  in  the  upper  crucible.  This  sulphuret  is  almost 
always  contaminated  with  sulphuret  of  lesid  and  sulphuret  of 
iron;  sometimes,  it  is  s«iid,  with  sulphuret  of  arsenic. 

Pure  sesquisulphuret  of  antimony  has  a  bluish-grey  colour, 
and  the  metallic  lustre,  a  foliated  or  striated  texture,  a  specific 
gravity  of  4-62,  and  is  much  more  fusible  than  antimony  ;  boils 
at  a  high  temperature,  aiul  may  be  distilled  over  in  close  ves- 
sels without  decomposition.  It  dissolves  completely  in  muriatic 
acid  when  assisted  by  heat,  and  is  converted  into  oxide  of 
antimony  and  sulphuretted  hydrogen  gas.  It  is  obvious  from 
this,  that  it  is  a  compound  of 

•  Ann.  de  Chun,  et  cle  Pliys.  xxxi.  455. 
f  Pellctier,  Aon.  de  Chim.  xiii.  132, 


phide. 


lUii^iEp 


)26  SIMPLE  ACIDIFIABLE  BASES. 

^P'''-  1^  atom  sulphur  .         .         3 

1    atom  antimony         •         .         8 

11 
It  has  been  often  analyzed,  and  the  analysb  which  comes 
nearest  the  truth  is  that  of  Berzelius,  who  found  it  a  com- 
pound of 

Antimony         .         .         100 

Sulphur  •         •  37 

The  theoretic  quantity  of  sulphur  united  to  100  antimony  is 

37'5.     I  obtained  35*572.     All  the  other  analyses  are  still 

below  this  quantity. 

When  this  sesquisulphuret  is  pure,  its  powder  has  a  reddish 
brown  colour.  This  compound  possesses  acid  properties,  and 
ought  therefore  to  be  considered  as  a  sulphide.  It  may  be 
obtained  by  passing  a  current  of  sulphuretted  hydrogen  gas 
through  a  solution  containing  oxide  of  antimony,  for  example, 
through  a  solution  of  tartar  emetic.  In  that  case,  it  is  in 
flocks  of  a  fine  orange  red  colour,  but  which  assumes  a  dark  red 
colour  when  dried.  When  this  matter  is  heated,  it  gives  out 
water,  and  assumes  a  black  colour.  It  then  possesses  all  the 
characters  of  sesquisulphuret  of  antimony. 

What  is  called  kermes  mineral  is  nothing  else  than  a  hydrated 
sesquisulphide  of  antimony  mixed  with  a  small  quantity  of 
antimonite  of  potash.  Sesquisulphuret  of  antimony  dissolves 
in  caustic  alkaline  leys,  and  in  solutions  of  the  alkaline  hydro- 
Bulphurets;  but  it  dissolves  much  more  copiously  in  these 
liquids  when  boiling  hot  As  the  solution  cools  a  brick  red 
precipitate  falls,  which  is  quite  the  same  as  kermes.  The  pre- 
paration of  kermes  for  medical  purposes  is  thus  performed, 
of.  1  part  of  carbonate  of  potash  and  2f  parts  of  sulphuret  of 
antimony  in  powder  are  mixed  together  and  heated  gradually  in 
a  covered  crucible  till  the  whole  is  brought  into  a  state  of 
fusion.  During  this  process  a  portion  of  the  antimony  is 
oxidized  at  the  expense  of  the  alkalL  Sulphuret  of  potassium 
is  formed  together  with  some  antimonite  of  potash,  and  also  a 
compound  of  oxide  and  sulphuret  of  antimony  which  occurs 
native,  and  is  known  by  the  name  of  red  antimony.* 

The  sesquisulphide  of  antimony  combines  with  this  sulphuret 
of  potassium,  constituting  a  sulphur  salt  composed  of  three 

*  The  nature  of  this  compound  will  be  explained  in  a  subsequent  part  of 
this  section. 
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atoms  iesqiiisulphide,  united  t«>  one  atom  of  sulplmref.  This  *«*  *'• 
salt  solidifies  into  a  brown  matter  called  liver  of  nulphur. 
Water  deeomposes  tlm  salt  and  tiikes  up  the  sulpLiiret  of 
potassium,  which  dissolves  a  fpiantity  of  tlie  sesqtiisidpliicle  of 
antimony,  and  tltequantilv  dbsolveti  is  mndi  increased  by  boiling 
the  liquiiL  The  liquid  is  filtered  wliile  boilir»^  hot.  As  it  cooln 
it  de|>osites  the  kennesi,  undt* r  the  ftinn  of  lij^lit  brown  flocks* 
which  are  c*ollected,  washed,  and  dried.  If  tlie  liquid  from 
which  the  kerraes  fell  be  boiled  again  with  the  undissolved 
portion,  and  filtered  while  boiling  hot,  a  new  portion  of  kerraes 
fails;  and  tliis  process  may  be  continued  till  nothing  remains 
but  oxide  of  antimony  and  sesquisulphide,  which  of  course  is 
quite  injioluble  in  water. 

Fabroni,  junior,  has  given  a  process  for  preparing  kermes,  Another  pro, 
which  be  says  is  cheaper  tlian  the  common  one,  and  as  it 
shows  clearly  that  kermes  contiiins  no  oxygen,  it  may  be  worth 
while  to  mention  it  here.  Mix  together  three  parts  of  crude 
tartar  ami  1  p^irt  of  crude  antimony*  an<l  heat  tJie  mLxtiire  iu  a 
crucible  till  it  ceases  to  give  out  any  smoke*  Pulverize  this 
mass  and  boil  it  in  water,  proceeding  exactly  as  in  the  usual 
way  of  preparing  kernies.  The  kermes  precipitates  in  the  usual 
way.  Here  tlie  potash  is  converted  into  potassium  by  the 
action  of  the  charcoal  of  the  tartaric  acid,  so  tliat  no  oxide  of 
antimony  is  formed. 

If  we  pour  a  little  acid  into  the  liquid  from  which  tlie  kermes  sutphor 
Ws  precipitated,  an  additional  portion  of  kermes  is  thrown 
down.  If  we  now  filter  the  liquor  and  add  an  additional  por- 
tion of  acid,  we  ohtiiin  a  new  |)recipitate  of  a  fine  orange  red 
colour,  and  formerly  known  under  the  name  of  mlphur  aurtiium 
or  f/Men  sulphur.  It  is  asually  prepared  by  mixing  together 
equal  weights  of  sulphur  and  erurle  antimony  in  powder,  and 
boiling  tlie  mixture  in  a  caustic  alkaline  ley  till  the  whole  is 
dissolved.  Then  sulphuric  acid  is  added  to  throw  down  the  sul- 
phur auratum.  Berzelius  assures  us  that  this  suljiliur  aunitum  is 
notbing  else  than  a  bisulphi<le  of  antimony.  If  so,  it  is  a  com- 
pound of  4  parts  of  sul[>biir  and  8  of  antimony.  But  H.  Rose 
subjected  it  to  analysis  and  found  it  to  be  the  persulphide  of 
antinuiny.* 

These   preparations  were  at  one  time  much  employed  in 
medicine.  The  melhod  of  i>reparing  kermes  was  Hrst  discovered 


•  Ann.  de  Chiax,  ct  de  Phys.  xxix.  249. 
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Chap.  II.    by  Glauber,  and  afterwards  by  Lemery  the  elder ;  but  it  i» 
first  brought  into  vogue  in  France  by  a  priest  called  Simon, 
who  was  taught  the  secret  of  preparing  it  by  La  Ligerie,  a 
surgeon,  to  whom  it  had  been  communicated  by  a  pupil  of 
Glauber.     The  French  government  purcliased  the  secret  fron 
La  Ligerie,  and  published  the  process  in  1720.      It  was  veij 
tedious  and  ill  contrived,  consisting  in  boiling*  repeatedlj^a 
very  diluted  solution  of  potash  on  sulphuret  of  antimoDy;  i 
small  portion  of  kermes  precipitated  as  the  solution  cooM. 
The  process  of  Lemery  was  therefore  adopted  by  apothecaiift 
Neither  of  these  preparations  are  at  present  used  by  practitioa- 
ers  in  Great  Britain.    From  the  few  trials  that  I  have  made  viA 
kermes  it  appears  to  be  a  much  more  active  medicine  than  cnk 
antimony,  and  I  should  think  it  far  preferable  for  every  pv^ 
pose  to  the  pulvis  antimonialis  of  our  pharmacopoeias,  whi^ii 
most  cases  is  quite  inert.     The  dose  varies  from  half  a  gnii 
to  a  grain.      In  larger  doses  it  will  act  as  an  emetic     I  btrt 
never  tried  the  sulphur  auratum ;  but  the   usual  dose  of  it 
given  in  Germany,  where  it  is  still  employed,  is  one  gn» 
It  is  said  to  produce  diaphoretic  effects,  and  is  administered  ii 
catarrhs  and  rheumatism. 

aiMiphide.  2.  Bisulphide  of  antimony  was  first  described  by  M.  E 
Rose,  who  formed  it  by  passing  a  current  of  sulphuretted  hyi*- 
gen  through  a  solution  of  an timonious  acid  or  an timonite  of  potti 
in  muriatic  acid.  No  tartaric  acid  should  be  added  to  enable 
us  to  dilute  the  solution,  otherwise  the  nature  of  the  predpitai' 
is  altered.  Its  colour  is  orange  red.  When  heated  it  giw 
off  sulphur,  and  is  converted  into  common  sesquisulphide  d 
antimony.  M.  H.  Rose  analyzed  it  by  passing  dry  hydrogo 
through  it  while  heated  in  a  tube.  By  this  means  it  iv 
resolved  into  sulphuretted  hydrogen  and  metallic  antiiiKiov* 
The  quantity  of  antimony  enabled  him  to  calculate  the  cos- 
position.  Two  separate  analyses  gave  him  the  follovitf 
results. 

Sulphur  .         .         33-86         •  .  33.45 

Antimony         .         .  66*14         •  .  66'5o 


100  lOO* 

It  is  evident  from  these  analyses  that  the  true  composition  is 

*  Ann.  de  Chim.  et  de  Phys-  xxix.  248* 
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2  atoms  sulphur  •         .         4  Beet  xi, 

1  atom  audmoiiy         .         .         B 

12 
and  that  its  atomic  weiglit  is  12, 

3-  Persulplude  of  antimony  may  be  obtained  by  passing  a  Penuiphw^L 
current  of  sulphuretted  hydrogen  througli  perchloride  of  anti- 
mony, to  which  tartiirie  acid  has  been  added  to  prevent  the 
antimony  from  precipitating  when  tlie  liquid  is  diluted  with 
waler,  as  it  must  l>e  i>efore  the  sulphuretted  hydrogen  gas  is 
passed  tlirough  it.  It  may  be  easily  obtained  by  fusing  togetlicr 
4  parts  of  carbonate  of  potash,  5  parts  c»f  crude  antimony,  and 
1  part  of  sulphur.     The  fused  mass  is  to  be  dissolvt^d  in  boiling 

.ter,  and  precipitated  by  dilute  sulphuric  acid.  It  has  a  pfder 
colour  than  bisulphide  of  antimony,  and  its  colour  docs  not 
change  on  drying. 

Rose  analyzed  it  by  passing  a  current  of  dry  hycbogen  gas 
over  it  while  hot.  The  sulphur  was  carried  off  and  the  metidlic 
antimony  remained.  He  dissolved  another  portion  of  it  in 
aqua  regia  containing  tartaric  acid.  The  undissolved  sulphur 
was  separated  and  weighed,  aiul  the  sulphuric  acid  formed 
during  the  solution,  was  thrown  down  by  muriate  of  barytes 
and  its  quantity  determined.  These  two  processes  gave  liim 
the  antimony  and  the  sulphur.  He  found  it  a  compound  of 
2g  atoms  sulphur  .  *  5 

1    atom  antimony         •         •         B 

13« 

Hence  its  atomic  weight  is  13. 

4.  Sesquisulphide  of  antimony  has  the  property  of  combin-  R*d  anu* 
ing  with  oxide  of  antimony,  and  of  forming  a  compound  which 
occurs  native,  and  has  been  distinguished  in  Ciermany  by  the 
name  of  rothspiesglanzerZj  and  in  this  countr)'  by  that  of  red 
mitimony*  Hauy  calls  it  antimoine  hi/dro-suipkitre,-\  It  usually 
occurs  in  small  crystals  on  the  surface  of  stones,  and  has  been 
most  commonly  found  at  Braimsdorf  in  Saxony,  and  at  Alle- 
mont  in  Dauphiny.  Its  coknir  is  cherry  red.  It  is  crystol- 
lized  in  right  square  prisms,  and  has  a  specilic  gravity  of  4*5. 
Ills  feebly  translucent  ami  sometimes  hiis  an  adamantine  lustre. 

It  was  analyzed  by  M.  H,  Rose  by  passing  a  current  of 
hydrogen  gas  over  it  while  hot.     By  this  means  the  sulphur 


Aon.  de  Chim.  et  do  Phys.  xxW,  249.  f  Traite,  iv.  276. 
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cbap.  iL  and  oxygen  was  removed  and  metallic  antiinony  left.  In  on 
experiment  14  grains  of  the  ore  gave  10*4  grains  of  antinuiD] 
and  the  MTiter  collected  by  passing  the  sulphuretted  hydroge 
tlirough  dry  chloride  of  calcium  was  0-84  grains.  In  anotk 
15*1  grains  gave  11*4  gr.  of  antimony  and  0*73  grain  of  watn 
He  tlien  dissolved  5-24  grains  of  the  mineral  in  aqua  n^ 
adding  tartaric  acid,  and  precipitated  by  chloride  of  barini 
He  obtained  8  grains  of  sulphate  of  bary  tes.  These  numba 
are  equivalent  to 

Antimony         .         .  75*05 

Oxygen  .         .  4*78 

Sulphur  .         .  20*47 


These  numbers  give  us  very  nearly 
Oxide  of  antimony 
Sesquisulphide  of  antimony 

Now  this  comes  sufficiently  near 

1  atom  oxide  of  antimony 

2  atoms  sesquisulphide 

31-5 

to  leave  no  doubt  that  this  is  the  true  constitution  of  the  miocnL 
rof^SSI*''  ^'  The  sesquisulphide  of  antimony  has  the  property,  •«■'■ 
ing  to  the  (*x])eriments  of  M.  Henry,  junior,  and  GaroJj** 
combine  with  iodine.  The  two  substances  are  mixed  tog^ 
in  equal  weights  put  into  a  glass  mattrass,  and  sublinied  ^ 
a  gentle  heat.  Red  vapours  are  formed  which  condense  bik 
upper  piu-t  of  the  mattrass  in  brilliant  scales,  havhig  a  popf! 
red  colour,  and  being  transparent.  They  melt  .and  nayi* 
sublimed  without  decomposition,  if  the  heat  applied  be  ^ 
ciently  gentle.  But  in  a  strong  heat  iodine  sublimes  whik^ 
sulphur  and  antimony  combine  with  oxygen.  This  compoi* 
is  also  decomposed  by  chlorine.  It  is  not  altered  by  expo** 
to  the  direct  rays  of  the  sun.  Its  taste  is  sliarp  and  disagreeibi^ 
and  its  smell  repulsive.  Water  decomposes  it,  hydriodictf 
being  formed,  and  oxide  of  antimony  and  sulphur  sepanui 
Alcohol  and  ether  deprive  it  of  its  iodine,  while  a  yellowj**^* 
der  is  deposited.     Sulphurous  acid  and  sulphuretted  hydnp 

*  Ann.  dc  Chim.  ct  Ue  Phys.  xxix.  250. 
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g||i  liare  no  action  on  it.     Its  constituents,  according  to  the 
lyses  of  Henry  and  Ciarot,  are 

Iodine  .         ,         67-9 

Sulphur  .         .  8*9 

Antimony         ,         .         23*2 


Sect.  X 11. 


[Now  this  is  very  nearly  in  the  proportion  of 

1 J  atom  iodine  .         ,         23-625 

1^  atom  sulphur  ,         .  0 

1    atom  antimony         .         ,  8 


Aneolflt. 


34-625 
[t  is  dierefore  the  sesquisulphide  of  antimony  united  to  an 
and  a  lialf  of  iodine, 

,  Seleoium  and  antimony  combine  readily  with  the  pro- 
taction  of  Iieat  and  light.  The  compoimd  melt8  and  forms  a 
metallic  button  which  has  a  crystalline  texture.  Wticn  strongly 
Iieated  in  the  air  it  becomes  covered  with  a  vitreous  scoria,f 

This  seleniet  combines  with  oxide  of  antimony  and  forms  a 
[rellowish  brown  transparent  mass,  very  similar  in  appearance 
glass  of  antimony 4 

XL  Antimony  forms  with  arsenic  an  alloy  which  is  very 
brittle,  very  liard,  and  very  fusible;  and  composed,  according 
Bergman,  of  7  parts  of  luitiinony  and  I  part  of  arsenic, 
Jehleu  found  that  when  15  parts  of  antimony  in  powder,  and 
parts  of  arsenic  in  powder,  are  fused  together,  a  button 
emaiiLS  weighing  16' 1  parts.  It  is  foliated*  very  brittle,  and 
rhiter  than  antimony.  If  we  consider  the  whole  loss  as  arsenic 
ie  alloy  will  be  a  compound  of  about 

8  atoms  antimony  .         •         64 

1  atom  arsenic  .         .  4*75 

It  18  obvious  from  tins  that  the  affinity  between  arsenic  and 
antimony  is  feeble,  Neitlter  of  them  is  capable  of  decompos- 
ing the  sulphide  of  tlie  other. 

SECTION  XII, OF  CHUOMIUM. 

In  the  year  1766,  Lehman,  in  a  letter  to  Buffon,  published  mitocy. 
lie  first  d^cription  of  a  beautiful  red  mineral  with  a  shade  of 
yellow,  crystallized  in  four-sided  prisms,  Mdiicli  is  found  in  the 
mine  of  Beresof,  near    Ekaterinebourg,    in    Siberia.       Tliis 


•  Annals  of  Philosophy  (i^d  series),  ix,  152* 
f  Berxelius,  Ann.  de  Chiin«  et  dc  Phys.  x«  249. 
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Chap.  iL  mineral,  known  by  the  name  of  red  lead  ore  of  Siberia^  was 
used  as  a  paint,  and  is  now  become  exceedingly  scarce  and 
dear.  It  was  examined  soon  after  by  Pallas,  who  considered 
it  as  a  compound  of  lead,  arsenic,  and  sulphur.  Macquart, 
who  in  1783  was  sent  upon  a  mineralogical  expedition  to  the 
north  of  Europe,  having  brought  a  quantity  of  it  to  Paris, 
analyzed  it  in  1789,  in  company  with  Mr.  Vauquelin.  These 
gentlemen  concluded,  from  their  analysis,  that  it  is  a  cotnpound 
of  the  oxides  of  lead  and  iron.  On  tfie  other  hand,  Mr.  Bind- 
heim  of  Moscow  concluded,  from  an  analysis  of  his  own,  that 
its  ingredients  are  lead,  molybdic  acid,  and  nickel.  These 
discordant  analyses  destroyed  each  other,  and  prevented  mine- 
ralogists from  putting  any  confidence  in  either.  This  induced 
Vauquelin,  who  had  now  made  himself  a  consummate  master 
of  the  art  of  analyzing  minerals,  to  examine  it  again  in  1797.* 
He  found  it  a  combination  of  the  oxide  of  lead  and  an  acid, 
with  a  metallic  basis,  never  before  examined.  By  exposing 
this  acid  to  a  violent  heat  along  with  charcoal  powder,  he 
reduced  it  to  the  metallic  state ;  and  to  the  metal  thus  obtained 
he  gave  the  name  of  chromium.f  The  experiments  of  Vau- 
quelin have  been  since  repeated  and  verified  by  Klaproth,^: 
Gmelin,^  and  Moussin  Pouschkin.||  Richter  has  succeeded 
in  reducing  chromium  to  the  metallic  state,  and  in  ascertaining 
some  of  its  most  important  properties.^  Vauquelin  afterwards 
published  a  second  paper  on  chromium,  in  which  he  examined 
the  properties  of  chromic  acid,  and  described  several  of  its 
combinations.**  And  Berzelius  made  a  set  of  experiments  to 
determine  the  composition  of  the  oxides  of  this  metal,ff  which 
he  again  repeated  and  corrected  in  1821.j::t:  In  the  Philosophical 
Transactions  for  1827,  I  published  a  paper  on  some  of  the 
combinations  of  this  metal. 
Howobuin.       Chromium  may  be  obtained  from  the  bichromate  of  potashj 

.  *  Ann.  de  China,  xxv.  21,  and  194^ 

f  From  ^(iif*My  because  it  possesses  the  property  of  givuig  colour  to  other 
bodies  in  a  remarkable  degree. 

\  Crell's  Annals,  1798,  L  80.  Mr.  Klaproth  had  examined  the  red  lead 
ore  m  consequence  of  the  analysis  of  Bindheim.  His  experiments  led 
him  to  conclude,  that  the  metallic  acid,  combined  with  the  lead,  was  not 
the  molybdic,  but  the  add  of  some  new  unknown  metal ;  but  his  specimen 
was  too  small  to  enable  him  to  decide  the  point.  In  the  mean  time,  Vau- 
quelin*s  experiments  were  published. 

§  Ibid.  1799,  i.  275.  i|  Ibid.  1798,  i.  Zbby  &c. 

T  Gehlen's  Jour.  v.  351.  •♦  Ann.  de  Chim.  Ixx.  70. 

ff  Annals  of  Philosophy, 4ii*  101.    \\  Ann.  de  Chim.  et  de  Phys.  xvii.  7. 
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a  beautiful  red  ealt  pTepared  abundantly  for  the  calico  printers,  ^***-  '^^'• 
and  therefore  easily  procured  at  a  cheap  rate*  If  we  add 
oxalic  acid  to  a  solution  of  this  salt  in  water,  and  digest  it  on 
the  Siirid  batli,  an  efferv^escence  takes  place,  and  it  assumes  a 
fine  green  colour,  the  chromic  acid  which  it  contains,  being 
inverted  into  oxide  of  chromium*  Ammonia  being-  now  added 
this  sohition  a  green  matter  is  separated.  This  green  mat- 
er is  to  be  ii^ashed  and  dried,  tuid  exjvosed  to  a  violent  heat  in 
a  charcoal  crucible.  By  thk  means  it  is  reduced  to  the  metallic 
state, 

L  Chromium  has  a  white  colour  intermediate  between  that  P>^°i»rtiet. 
of  tin  and  steel.     Its  specific  gra\'ity  according  to  Ricljter  is 
b'9,     I  found  it  only  5-093.     But  I  am  not  certain  that  my 
specimen  was  quite  free  from  cavities. 

It  b  very  brittle  and  ea^iily  reduced  to  powder.  Ritter  affirms 
It  it  is  attracted  by  the  magnet.     But  I  did  not  find  tliis  to 
ibe  case.     Even  when  in  fine  powder  it  would  not  adhere 
a  strong  magnet. 

The  heat  necessary  to  fuse  it  is  so  high  that  it  never  has 
een  obtained  except  in  grains.  It  conducts  electricity.  I 
Duld  neither  dissoh^e  it  in  nitric  acid  nor  in  aqua  regia,  after 
jng  continued  boiling:  lujt  fluoric  acid  dissolves  it  readily. 
It  may  be  exposed  to  heat,  or  kept  under  water,  without  un- 
?i^oing  much  change.  When  heated  with  potash,  or  soda, 
W  the  carbonates,  or  nitrates  of  these  alkidies,  it  is  easily  con- 
rerted  into  chromic  acid. 

I  found  that  3-966  grains  of  it,  when  thus  treated,  became 
JS*5  grains  of  chromic  acid.     Now  it  will  appear  after warfls, 
bat  6'5  represents  the  atomic  weight  of  chromic  acid.     I  con- 
Id  ude,  from  this  experiment,  that  the  atomic  weight  of  chro- 
llDium  is  4. 

11.    Chromium  combines  with  two  proportions  of  oxygen,  oxidw. 
ad  forms  two  conqiounds,  which  have  bt^eu  called  f/reeu  oxide 
chromic  acift     What  has  been   called   broum  oxidcj   is 
^merely  a  compound  of  chromic  acid  and  green  oxide  in  pro- 
porrioit'i,  which  probably  vary  according  to  the  mode  of  pre- 
paring it. 

L   Green  oxide  of  chromium  may  be  obtained  by  digesting  Owenoxye. 

I  solution  of  chromate  of  [>otash  and  oxalic  acid,  until  it  LiSKumes 

,  deep  green  colour,  and  then  adding  ammonia  to  the  liquid. 

[It  may  be  obtained  also  by  passing  a  current  of  sulphuretted 

bydrogen  gas  througli  a  solution  of  cliromate  of  potash  ;  but  in 

[that  cane  it«  colour  is  brown.     Friek  states  that  it  may  be  ob- 
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tained  for  the  use  of  the  arts,  by  dissolving  in  water  the  alka- 
line mass  obtained  by  calcining  chrome  iron  ore  with  nitre,  and 
after  filtering  the  solution,  boiling  it  with  sulphur. 

Green  oxide  of  chromium,  as  at  first  obtained,  is  in  the  state 
of  a  hydrate.  If  after  washing  it  sufficiently,  we  dry  it  in  the 
open  air  without  the  application  of  heat,  it  is  a  light  coloured 
greenish  blue  powder,  tasteless,  very  light,  and  easily  soluble 
in  acids.  If  we  dry  it  on  a  filter,  by  artificial  heat,  its  colour 
becomes  much  darker,  and  it  retains  very  nearly  half  its  weight 
of  water.  The  greenbh  blue  matter  dried  without  heat,  con- 
tains If  ths  of  its  weight  of  water.  A  moderate  heat  expels 
the  water,  and  leaves  the  oxide  in  the  state  of  a  very  beautiful 
green  powder.  When  heated  nearly  to  redness,  it  suddenly 
glows^  or  becomes  red  hot,  like  burning  tinder.  After  this 
glowing,  which  does  not  alter  its  weight,  it  loses  the  property 
of  dissolving  in  acids.  However,  a  solution  may  be  accom- 
plished by  digesting  it  for  a  long  time  in  concentrated  sulphuric 
acid. 

I  have  shewn,  in  the  Philosophical  Transactions  for  1827, 
that  the  atomic  weight  of  this  oxide  is  5,  and  that  it  is  a  com- 
pound of 

1  atom  chromium         •         •         4 
1  atom  oxygen  •        •         1 

5 

It  possesses  the  characters  of  an  alkaline  base,  dissolves  in  acids, 
and  saturates  them.  The  salts  which  it  forms  have  a  green, 
or  blue,  or  purple  colour,  and  an  exceedingly  sweet  taste, 
kown  oxide.  2.  What  is  Called  brown  oxide  of  chromium,  is  easily  obtained 
by  passing  a  current  of  sulphurous  acid  gas  through  a  solution 
of  chromate,  or  bichromate  of  potash.  The  brown  matter  fidls 
down,  and  may  be  washed  and  dried.  It  has  a  flea  brown 
colour,  is  destitute  of  taste,  and  undergoes  no  alteration  when 
exposed  to  the  air.  It  is  not  quite  insoluble  in  water;  for 
after  having  been  agitated  with  new  portions  of  water  above 
fifty  times  in  succession,  the  water,  which  was  several  hundred 
times  its  weight,  being  left  in  contact  with  it  for  24  hours,  it 
still  continued  to  give  out  a  little  chromic  acid  to  that  liquid. 
When  washed  with  a  solution  of  caustic  ammonia,  it  speedily 
assumes  the  usual  colour  of  green  oxide.  It  dissolves  in  acids 
with  the  same  phenomena  as  green  oxide,  and  the  solution 
consists  of  the  usual  salt  of  chromium.  The  specimens  of  this 
brown  matter,  which  I  examined,  were  composed  of 
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6  atoms  ^reen  oxide  of  cliromium, 
1  atom  ckromic  acid, 
lut  probably  the  proportion  of  chromic  acid  will  be  found  to 
'▼ar)^  in  differe»nt  c i re u instances.  It  is  olivious  from  all  this, 
that  brown  oxide  ofehromimn  oiigbt  not  to  l*e  considered  as  a 
peculiar  oxide,  but  rather  as  a  combination  of  green  oxide  and 
chromic  acid,  or  more  probably,  a  uiixture  of  green  oxide  and 
chromate  of  chromiinn* 

Green  oxide  of  chromium  is  nsed  as  a  green  paint  for  por- 
celain vessels,  llie  colour  is  remarkably  fine,  and  it  is  easily 
applied.  According  to  Vanqnelin,  the  green  colour  of  the 
emerald  is  owing  to  the  presence  of  a  little  green  oxide  of 
,  ^hromitim  in  the  mineral. 

0.  A  method  of  preparing  chromic  acid,  in  a  state  of  purity, 

first  discovered  by  M.  Un verdorben.     It  is  as  follows; 

Iix  together  4  parts  of  chromate  of  lead,  3  parts  of  pure  fluor 

( previously  heated  to  redness  and  pounded),  and  5  parti 

sulphuric  acid  as  concentrated  as  possible.     This  mixture 

aust  be  put  into  a  leaden  or  platiinim  retort,  and  a  gentle  heat 

ipplied  by  means  of  a  lamp,     A  red  gas  is  formed,  which 

spears  in  the  air,  under  the  form  of  red  or  yellow  vapours. 

This  gas,  when  placed  in  contiict  witli  water,  is  absorbed  and 

^averted  into  fluoric  and  chromic  aciiis.     By  evaporating  the 

^solution  in  a  platinum  capsule,  the  fluoric  acid  is  driven  off, 

and  pure  chromic  acid  remains, 

Berzelius  fomid  that  if  the  gas  was  made  to  pasa  Into  a 
platinum  vessel,  containing  a  little  water  at  its  bottom,  and 
rhose  montli  is  covered  with  nioLst  paper,  the  gas  is  decom- 
ed  in  the  moist  air  within  the  dish,  and  abundance  of  small 
ftbar  red  crystals  of  chromic  acid  are  deposited,  which 
\\\y  fill  the  wliole  dish.  These  crystals  are  very  bulky, 
nd  sink  down  on  the  least  pressure.  Wlien  the  gjis  is  dii- 
fcngaged  very  slowly,  these  crj'stais  become  larger  and  more 
alid;  but  they  are  never  regular.  They  consist  of  pure 
phromic  ac4d.  However,  chromic  acid  may  be  obtained  in 
liar  four-sided  prisms,  with  square  or  rectangular  bases,  by 
very  cautious  evaporation  of  its  solution  in  water;  and  for 
It  purpose  acid  must  he  employed  quite  free  from  all  admix- 
[^tiire  of  green  oxide  of  chronium, 

Maii«  has  given  anotlier  process  for  preparing  chromic  acid, 
rhich  deserves  attention  on  account  of  its  facility.     It  is  as 
^follows :  Dissolve  bichromate  of  potash  in  water,  and  pass  a 
eurrent  of  fluosilicic  acid  through  the  solution.    By  this  means 
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the  potash  is  thrown  down  in  combination  with  fluosilicic  iod 
Decant  oiF  the  clear  liquid,  and  evaporate  it  to  dryness  hi 
very  gentle  heat,  in  a  platinum  capsule.  Dissolve  the  diyad 
in  a  little  water,  and  a  little  fluosilicate  of  potash  will  seoaa 
The  chromic  acid  thus  obtained  must  not  be  filtered,  othenrit 
a  portion  of  it  will  be  converted  into  ^een  oxide.  Thb  nit 
indeed  should  be  always  attended  to.  Whenever  chromic  adl 
is  passed  through  paper,  it  becomes  contaminated  with  giea 
oxide. 

Chromic  acid  when  evaporated  to  dryness  is  almost  lU 
while  hot,  and  of  a  deep  red  when  cold.     It  has  no  smell;  a^ 
its  taste  is  intensely  sour,  leaving  a  styptic  impression  beUU 
It  stains  the  skin  yellow,  and  the  stsdn  cannot  be  removed  k 
washing  with  A^^ater,  but  may  by  an  alkali.    It  absorbs  mokv 
from  the  atmosphere,  and  is  converted  into  a  dark  bromiTisk 
liquid.    By  very  cautious  concentration  it  may  be  obtunedi 
red  crystals,  which  appear  to  the  eye  to   be  four-sided  r^ 
prisms,  with  square  bases.     When  the  crystals  obtained  fim 
fluoride  of  cliromium  are  suddenly  heated  on  platinum  foQiki 
melt,  and  are  decomposed  with  a  bright  light,  oxygen  gasbeif 
disengaged,  and  green  oxide  remaining.      I  could  not  socetf 
in  producing  complete  decomposition  of  this  acid  in  theli^ 
temperature  that  green  glass  could  bear  without  fusion.   Tk 
crystals  containing  water  do  not  exhibit  the  phenomencoi 
glowing.    Chromic  acid  is  soluble  in  alcohol.     The  solutioeE 
partially  decomposed  by  heat,  ether  bein^  evolved  and  pte 
oxide  of  chromium  precipitated.  The  solution  has  nowav«sli 
colour,  and  contains  a  good  deal  of  chromic  acid  uudecompo^ 

The  original  method  of  obtaining  chromic  acid  proposed h 
Vauquelin,  was  to  dissolve  chrofnate  qfbaryfes  in  nitric  «*!• 
and  then  to  add  enough  of  sulphuric  acid  to  throw  down  aD  at 
barytes,  taking  care  not  to  add  any  excess.  The  liquid  fre* 
from  sul]>hate  of  barytes  is  to  be  evaporated  to  dryness  locfe 
off"  the  nitric  acid.  Being  re-dissolved  and  cautiously  coDCfr 
trated,  it  yields  crystals  in  small  ruby  coloured  prisms.  Ttai 
crystals  were  long  taken  for  pure  chromic  acid.  Gay-Lnsaf* 
first  shewed  tliat  they  consist  of  a  compound  of  sulphuric  iPt 
chromic  acid.  They  liave  a  very  acid,  acrid,  and  metallic  li* 
When  heated,  this  acid  is  decomposed  more  easily  than  V^ 
chromic  acid,  being  converted  into  sulphate  of  daoait^ 
Hence  it  is  evident  that  it  is  a  compound  of 

*  Ann.  (le  Cliini.  et  de  Phys.  xvi,  log. 
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1  atom  sulphuric  acid 

5 

Sect.  XII. 

1  atom  chromic  acid 

6-5 

11-5 
Many  substances  occasion  a  similar  decomposition.     When 
heated  with  muriatic  acid  chlorine  is  given  out,  and  the  same 
change  produced. 

A  mixture  of  chromic  acid,  and  muriatic  acid,  has  the  pro- 
perty of  dissolving  gold. 

A  very  careful  analysis  of  chromate  of  potash  gave  me  the 
following  result : 

Chromic  acid         .         .         6«5 
Potash  .  .         .         6 

While  I  found  bichromate  composed  of 

Chromic  acid  .         .  13 

Potash  .         .  6 

From  this  it  is  obvious  that  the  atomic  weight  of  this  acid  is 
6*5.  Farther  I  shewed  that  13'5  grains  of  protoxide  of  iron, 
dissolved  in  sulphuric  acid,  and  mLxed  with  6*5  grains  of 
chromic  acid,  reduce  the  chromic  acid  to  5  grains  of  green 
oxide  of  chromiiun,  while  the  iron  is  peroxydized.  Now  to 
peroxydize  13*5  grains  of  protoxide  of  iron,  it  is  necessary  to 
add  1*5  atoms  of  oxygen.  From  tliis  it  is  clear  that  chromic 
acid  is  a  compound  of 

Green  oxide         .         .         5  ^^'^ 

Oxygen  .         .         r5 

6-5 
But  green  oxide  contains  1  atom  of  oxygen  united  to  4  chro- 
mium.    Consequently  chromic  acid  is  a  compound  of 

1     atom    chromium         .         .         4 

2^  atoms  oxygen  .         .         2'5 

6-5 
So  that  the  constitution  of  this  acid  is  the  same  as  that  of 
phosphoric  acid,  arsenic  acid,  and  antimonic  <acid,  and  also 
hjrposulphuric  acid. 

III.  Chlorine  and  chromium  probably  unite  in  various  pro-  chiorid». 
portions.     But  the  subject  has  hitherto  been  but  imperfectly 
investigated. 

1.  Muriatic  acid  readily  dissolves  the  green  oxide  of  chro- 
mium ;  the  solution  has  a  deep  green  colour  and  a  sweet  taste, 
and  always  contains  a  great  excess  of  acid.     When  evaporated 

I.  z 


oi  cniorocnrumic  acia,^  ii  may  ws  oDOUDea  Dy  ine  im 
process. 

Pn>paratior.  Triturate  together  in  a  mortar  1 90  gprains  of  dry  bidma 
potash,  and  225  grains  of  decrepitated  common  salt  I 
mixture  into  a  tubulated  retort,  and  pour  into  it  500  gr 
concentrated  sulphuric  acid,  and  by  agitation  make  it  i 
a  magma  with  the  salts.  Tlien  apply  the  flame  of  a  h 
the  bottom  of  tlie  retort.  An  effervescence  takes  pkn 
beautiful  red  fumes  soon  make  their  appearance,  lliei 
dense  in  the  beak  of  the  retort  and  gradually  drop  in 
receiver  under  the  form  of  a  red  coloured  liquid.  Tbej 
lasts. about  ten  minutes  or  a  quarter  of  an  hour,  iHm 
evolution  of  the  red  fumes  suddenly  stops.  The  matter 
retort  has  now  assumed  a  green  colour.  The  *lt«t;il1«tMi 
now  be  stopped.  Should  it  be  continued  an  acddnloH 
passes  into  the  receiver  and  destroys  the  red  liquid 
quantity  of  red  liquid  obtained  from  the  above  meil 
quantity  of  materials  is  about  200  grains.  The  ytok 
greatest  when  the  atoms'  of  chlorine  in  the  salt  are  to  tk 
chromic  acid  as  8  to  2.  The  liquid  thus  obtained  hu  A 
lowing  properties. 

Properties.  Tlic  colour  is  a  fine,  but  very  deep  crimson ;  the  taste  si 
ish,  astringent,  and  acid.  Tlie  smell  of  chlorine  is  ti 
intense  as  that  of  chlorine  gas  itself.  It  reddens  Tigi 
blues.  Its  specific  gravity  is  1*9134.  When  151-5  g0 
it  were  poured  into  an  oimce  of  water  at  50^  tin 
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rose  at  once  to  212*,  and  chlorine  gas  was  given  out  so  abun-    ^^  ^^^ 
^jantly  ns  to  occasion  an  effervescence. 

When  drojit  into  wutcT  it  falls  to  the  bottom  and  exhibits 
the  appearance  of  a  drop  of  oiL  Globules  of  chlorine  gos  are 
pven  out  rather  abundantly  till  the  drop  dLsappears,  rendering 
the  water  yellow.  The  liquid  now  contains  chlorine,  chromic 
acid,  antl  a  trac*e  of  green  oxide  of  chromium.  When  it  is 
dropt  into  oil  of  turpentuie  or  alcohol  it  sets  these  conbustible 
substfyiccs  OH  lire,  and  they  burn  quietly  with  a  flame  having 
m  good  deaJ  of  I>lue  mixed  witli  white.  Wlien  dropt  upon 
flowers  of  Hulphur  they  take  fire  and  burn  n^th  a  fine  red  flame. 
It  acts  violenll}^  on  oUvcoil,  and  pyroxylic  spirit,  and  naphtha, 
hut  §eU  none  of  them  on  fire*  It  has  no  action  on  dry  phoa* 
phorus  even  when  fused  in  it ;  but  if  the  phosphorus  be  moist^ 
or  if  the  least  water  ho  present,  the  phosphorus  burns  violently 
or  even  explodes**  It  acts  very  feebly  upon  metak.  Zinc 
and  tin  lilings  efferv^esce  slightly.  Oii  iron  it  does  not  act  till 
heated :  on  copper  antl  antimony  it  does  not  act  at  all.  With 
mercury  it  forms  a  mass  of  the  consistence  of  hog's  lard,  but 
the  metal  retains  it^  colour  and  lustre.  It  sets  fire  to  ammo* 
juaoil  g;is. 

From  a  set  of  experijnents  which  I  made  to  determine  its  eompoiiuon. ' 
constituents,  it  follows  tliat  it  is  a  compound  of  1  atom  chlorine 
(4*5)  and  one  integrant  particle  of  chromic  acid  (6-5)  united 
together  and  condensed  into  a  liquid.  Its  atomic  weight  is  1 1, 
aiid  it  possesses  ili^  characters  of  an  acirl  as  far  as  reddening 
vegetiilde  blues  is  concerned.  I  did  not  succeed  in  the  attempts 
that  I  made  to  unite  it  to  base^. 

Dumiis  considers  it  m  a  compound  of  1  atom  of  chromium 
with  tliree  atoms  of  chlorine.     But  I  am  ignorant  of  the  way 
in  which  he  deduced  these  constituents.     If  it  were  a  chloride 
analogy'  would  lead  us  to  view  it  as  a  compound  of 
^L  2^  atoms  chlorine  11*'25 

^"  1     atom  chromium         ♦  .  4 

And  this  was  the  view  of  its  composition  which  I  was  mysdf 
disposed  to  take  at  first.  But  it  is  not  easy  to  see  any  force 
which  could  deprive  the  chromic  acid  of  its  oxygen.  Nothing 
else  is  present  but  chlorine,  and  chlorine  has  not  so  great  an 

•  I  received  soon  after  the  puhlication  of  my  paper  in  the  PhtL  Trana,,  a 
letter  frora  Dr,  Torrcy  of  New  York*  mentioning,  that  when  he  was  exhibit- 
ing it  to  hift  dais,  it  detonated  violentl)'  with  phosphorus*  The  receipt  of 
^is  letter  led  me  to  investigate  the  subject  carefiilly.  The  result  ia  what  I 
.Juive  stated  in  the  text. 
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^'^'^^  affinity  for  oxygen  as  chromium  has.  My  analysis  does  not 
decide  the  state  of  the  constituents  in  this  compound,  but  only 
their  proportions.  It  contains  only  1  atom  of  chlorine  to  I 
atom  of  chromium.  The  chlorine  is  undoubtedly  much  more 
loosely  united  than  in  the  protochloride.  I  think  therefore  that 
it  is  much  more  likely  to  be  in  the  state  of  chlorochromic  acid 
than  that  of  chloride  of  chromium. 

*  IV.  We  are  unacquainted  at  present  with  the  bromides  and 
iodides  of  chromium. 

nuodde.  V.  When  fluor  spar,  chromate  of  lead,  and  concentrated 

sulphuric  acid,  in  the  proportions  indicated  in  page  335,  are 
heated  in  a  leaden  or  platinum  retort,  a  red  coloured  gas  is 
formed  which  is  immediately  decomposed  when  it  comes  in  con- 
tact with  glass.  This  gas,  first  observed  by  M.  Unverdorben,  is 
considered  as  ^l fluoride  q/*cAromiw»i,  though  no  very  satisfactory 
proofs  that  this  is  its  composition  have  been  adduced.  From  the 
corrosive  action  of  this  gas  on  glass  it  has  been  hitherto  impos- 
sible to  investigate  its  properties.  It  is  permanent  at  the  usual 
temperature  of  the  atmosphere.  When  mixed  with  anmioni- 
acal  gas  it  burns  with  explosion.  It  gradually  corrodes  and 
dissolves  resin.  It  is  absorbed  by  water  forming  a  yellow 
coloured  liquid,  which,  when  evaporated,  leaves  pure  chromic 
acid.*  A  fuller  examination  of  this  gas  would  be  particularly 
interesting. 

VI.  We  are  still  unacquainted  with  the  compounds  which 
chromium  may  be  capable  of  forming  with  hydrogen,  azote, 
carbon,  boron,  and  silicon. 

Phogphuret.  VII.  When  phosphorus  is  made  to  pass  through  green  oxide 
of  chromium  heated  to  redness  in  a  green  glass  tube,  a  brilliant 
combustion  takes  place,  and  phosphuret  of  chromium  is  formed. 
This  phosphuret,  when  formed,  by  passing  3-2  parts  of  phos- 
phorus through  5*08  parts  of  anhydrous  green  oxide  of  chro- 
mium, has  a  brown  colour,  is  tasteless,  and  insoluble  in  water 
and  acids.  It  still  continues  in  the  state  of  a  loose  powder 
which  is  agglutinated  together,  but  not  melted  by  the  action 
of  the  blow-pipe.     Its  constituents  are 

1  atom  phosphorus         .         .         2 
1  atom  chromium  .         .         4 


Hence  its  atomic  weight  is  6. 

*  Gmelin's  Ilandbuch  der  Chemie,  i.  855. 


VI IL  Sulphuret  of  efiromiiim  may  be  obtaijictl  by  vurious  «wtxiiL 
[processes.  H.  Rose  obtiiiJied  it  by  passing  a  current  of  dry  ^ 
[sulphuretted  hydrogen  gas  over  green  oxide  of  chromiimi 
'heated  to  redness  in  a  porcelain  tube.  M.  I^assaigoe  obtained 
[it  by  niixing  togetber  et|nal  weights  of  dry  cbhiride  of  chro- 
rBiiutn  and  flow^ers  of  sulphtir,  and  lieating  it  gradually  in  a  bent 
r^lass  tube,  mining  the  tempeniture  as  high  as  the  glass  will 
|l>ear.  There  is  disengaged  first  a  little  sidphuretted  hydrogen, 
Jen  muriatic  acid,  then  sulphur,  and  lastly  dense  vapours  of 
Pcbloride  of  sulphur. 

The  suljihuret  of  chromium  thus  formed  is  blackish  gray,  unc- 
lous  to  the  touch,  and  friable.     It  stains  l>odies  like  plumbago 
»|-hen  rubbed  over  them.     Wlien  heated  in  the  open  air  it 
*urns  like  pyrop!iorus  leaving  green  oxide  of  chromium.     It 
Jissolvcs  in  nitric  acid,  and  still  more  readily  in  aqua  regia, 
tits  composition,  according  to  Lassaigne,  w 
Cliromiuni  .  -  20 

Sulphur  .         .  2-108 

This  is  equivalent  to  1  atom  sulj)hur  and  4^  atoms  ehromiiun.* 
Jut  HS  sulphuret  of  cliromium  by  digestion  in  nitric  acitl  may 
converted  into  sulphate  of  chromiuin,  it  m  clear  that  itii  true 
Dustituents  are 

1  atom  sulphur  .         .         2 

1  atom  cbromium         .         ,         4 


6 
^And  that  its  atomic  w^eigbt  is  6. 

IX.  Nothing  is  known  respecting  the  compounds  which 
firomium  may  form  with  selenium,  tellurium,  arsenic,  and 
itimony. 

The  cliromates  possess  poisonous  qualities  when  taken  inter- 
ly*     The  hands  of  many  persons  wdjen  dipt  into  a  sohition 
'  bichromtite  of  potash  break  out  into  malignant  ulcerB. 

SFXTION  Xril, — OF  t  HAXIL  M. 

llierc  l>  a  miJieral  found  in  the  George  Wagsfort  mine  at  Hiitcry. 

lohan-Georganstadt,  in  Saxony,  partly  in  a  pure  or  unmixed 

ite,  and  partly  stratified  with  other  kinds  of  stones  ami  earths. 

he  first  ViU'iety  is  of  a  blaekislj  colour,  inclining  to  a  dark 

ron  gray,  of  a  moflerate  sjilendonr,  a  close  texture,  and  when 

roken  presents  a  somewhat  even,  and  (in  the  smallest  particles) 


•  Am,  de  Chini.  et  de  Phj^a.  xiv,  299, 
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•  II*  a  conchoidal  surface.  It  is  quite  opaque,  tolerably  hard,  and 
on  being  pounded  yields  a  black  powder.  Its  specific  gnnritj 
is  about  7-500.  The  second  sort  is  disting^uished  by  a  finer 
black  colour,  with  here  and  there  a  reddish  cast :  by  a  stranger 
lustre  not  unlike  that  of  pitcoal ;  by  an  inferior  hardness;  ind 
by  a  shade  of  green,  which  tinges  its  black  colour  when  it  ii 
reduced  to  powder.* 

This  mineral  was  caHedpechUende  ;  and  mineralogists,  mided 
by  the  name,f  liad  taken  it  for  an  ore  of  zinc,  till  Wener, 
convinced  from  its  texture,  hardness,  and  specific  gravity,  tbt 
it  was  not  a  blende^  placed  it  among  the  ores  of  iron.  Afie^ 
wards  he  suspected  that  it  contained  tungsten;  and  this  cat* 
jecture  was  seemingly  confirmed  by  the  experiments  of  msk 
German  mineralogists,  published  in  the  Miners'  JoumaL  Btf 
Klaproth  examined  tliis  ore  in  1789,  and  found  that  it  conikli 
chiefly  of  sulphur,  combined  with  a  peculiar  metal,  to  wliick 
he  gave  the  name  of  uranium.^ 

Uranium  was  afterwards  examined  by  Richter,  and  an  elabo- 
rate set  of  experiments  has  been  published  on  it  by  Buchokj 
In  the  year  1822  an  elaborate  set  of  experiments  on  the  oxidef 
of  uranium  was  made  by  M.  Arfvedson ;  Q  which  were  csirieJ 
still  farther  by  Berzelius  in  182d.f  And  I  made  some  expe 
riments  on  the  subject  which  were  published  in  1825.** 

The  only  ore  from  which  uranium  can  be  obtained  in  sdr 
ficient  quantity  for  investigation  is  pitchblende^  which  ocean  a 
various  mines  in  Saxony  and  Bohemia,  and  has  been  foiol 
also  in  Cornwall.  Tliis  ore  consists  of  a  great  variety  of  sob- 
stances  mechanically  mixed  together,  and  "iirhich  can  only  k 
separated  by  mechanical  processes.  Three  methods  of  obBit- 
ing  pure  oxide  of  uranium  from  tliis  ore  have  been  proposedli; 
chemists,  which  it  may  be  worth  while  to  specify. 
Method  of  1.  Arfvedson's  method  was  this.     Finely  pulverised  piti* 

blende  was  dissolved  hy  a  gentle  heat  in  a  mixture  of  niw 
and  muriatic  acids.  After  the  decomposition  of  the  mioen! 
was  completed,  and  most  of  the  acid  expelled,  a  little  mun^ 

♦  Klaproth,  Crell's  Jour.  Eng.  Trans,  i.  126. 

t  Blende  is  the  naine  given  to  ores  of  zinc. 

\  From  Uranus  (Ou(«vo$)  the  name  given  by  Mr.  Bode  to  thenewpbiCt 
discovered  by  Hcrschel ;  which  name  the  German  astronomers  haveadopf^ 
Mr.  Klaproth  called  the  metal  at  first  uranite;  but  he  afterwards  cbiHe^ 
that  name  for  uranium, 

§  Gehlen's  Jour.  iv.  17. 

II  Kong.  Vet.  Acad.  Hand.  1822,  p.  404.  ^  Ibid.  1823,  p.  IJi 

*»  First  Principles,  W.  \ft. 
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acid  wa«  added,  and  then  the  litjiiid  was  diluted  witli  a  ^ood  *«*•  ^"'- 
deal  of  water.     The  sulphur,  sUiea,  and  stony  miitter  reinaiiicd  " 

uiidisHolved.  A  current  of  sulphuretted  hydrogen  gas  was  now 
parsed  through  the  liquid  its  long  as  any  precipitate  fell.  By 
this  procesLS  the  lead  and  eopper  are  thrown  down,  mul  likewise 
the  arsenic,  shoidd  the  liquid  contain  any.  To  the  filtered 
liquid  a  little  nitric  acid  was  added,  and  the  whole  was  digested 
to  peroxidize  the  iron.  By  this  process  the  liquid  changed 
from  light  green  to  yellow.  Carbonate  of  ammonia  was  now 
added  in  excess.  The  peroxide  of  iron  was  throw^i  down,  but 
tl*e  peroxide  of  uranium  was  held  in  SLdiition,  together  with 
oxides  of  cobalt  and  zinc  when  they  happen  to  be  present. 
The  filtered  solution  was  then  made  to  boil*  and  the  boiling 
eontijiued  as  long  a»  carbonate  of  ammonia  was  disengaged. 
A  portion  of  the  oxide  of  cobalt  remained  in  solution ;  but 
miother  portion  was  precipitated  along  with  tlie  peroxide  of 
uraiuum^  as  was  also  the  oxide  of  zinc.  The  precipitiitc  wbs 
eollecteil  on  a  filter,  wa^^hed,  and  dried.  It  was  tlien  exposed 
to  a  red  heal,  which  deprived  it  of  its  yellow  colour  and  made 
it  dark  green.  It  wb&  now  macerated  in  dilute  muriatic  acid» 
which  dissolved  the  oxides  of  cobalt  and  xinc,  together  vAth  a 
small  portion  of  die  oxide  of  uranium.  Pure  protoxide  of 
uranium  remained  beliind  in  the  state  of  a  green  powder.* 

2.  The  process  of  M.  Berthier  is  as  follows.  He  reduced 
it  to  powder  and  boiled  it  with  muriatic  acid  for  some  time.  It 
was  then  thrown  on  a  filter  and  well  washed.  The  matter 
thus  collected  on  the  filter  (which  is  pitchblende  freed  from 
several  impurities) ,  was  treated  with  nitric  acid  till  it  lost  its 
black  colour  and  was  completely  decomp*)sed.  The  solution 
was  evaporated  to  dryness  by  a  gentle  heat,  agitating  it  fre- 
quently. It  i^'as  then  Imled  in  H'ater  and  the  solution  filtered. 
The  imdissolved  portion  consiiited  of  alumina,  siliai,  snlphate  of 
lead,  oxide  of  iron,  iuul  arseniate  of  iron,  together  with  a  small 
quantity  of  oxide  of  uranium  which  was  neglected.  The  solution 
cotitaint'd  almost  all  the  oxide  of  uranium,  together  ^^it\\  some 
lead,  copper,  iron,  and  occasionally  aliunina  and  lime.  A  little 
sulphate  of  ammonia  was  dropt  into  it,  which  threw  down  the 
lead.  Then  a  ciurent  of  sulphuretted  hydrogen  gas  was  passed 
tlirough  it,  which  threw  down  tlie  copper  and  the  arsenic 
when  die  liquid  happened  to  contain  any.  and  the  ir<Mi  was 
reduced  to  the  state  of  protoxide.  The  liquid  was  then  left 
for  some  time  to  itself  to  allow  the  sulphuretted  hytirogen  gas 

•  Annals  of  Pliilosophy  (2d  scries),  riL  2^i, 
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Chap.  II.  to  be  dissipated.  When  no  traces  of  sulphuretted  hydrogen 
remained,  carl)oiiate  of  ammonia  wss  added  caudonsly  by  i 
little  at  a  time,  and  with  continual  agitation,  and  in  such  quan- 
tity as  only  to  tlirow  down  the  peroxide  of  uranium.  The 
precipitate  wils  allowed  to  deposite  itself  in  a  well  corked  pUal 
to  prevent  the  peroxidizement  of  the  iron.  The  liquid  portion 
was  then  drawn  off,  and  the  phial  filled  w^ith  distilled  water 
recently  boiled,  which  was  drawn  off  in  its  turn,  and  the  pw- 
oxide  of  uranium  finally  collected  on  a  filter  and  washed.* 

3.  The  process  which  I  employed  for  procuring"  pure  pro- 
toxide of  uranium,  was  still  simpler  and  easier  tlian  either  of 
the  preceding.  The  pitchblende  reduced  to  a  fine  powder, 
was  digested  in  nitric  acid,  till  every  tiling  soluble  was  takei 
up.  The  solution  was  then  rendered  as  neutral  as  possible  te 
evaporation,  and  a  current  of  sulphuretted  hydrogen  gs 
passed  through  it  as  long  as  any  precipitate  continued  to  &IL 
The  liquid  was  filtered  and  heated  to  drive  off  all  traces  of  sul- 
phuretted hydrogen.  It  was  now  precipitated  by  caustic  am- 
monia, and  tlie  precipitate,  after  being  n'ell  washed,  i* 
digested,  while  still  moist,  ina  pretty  strong  solution  of  carboiate 
of  ammonia.  A  fine  lemon  yellow  liquid  was  obtained,  wkicl 
being  set  aside  for  a  few  days,  deposited  abundance  of  fine  yellflf 
crystals  in  four-sided  right  prisms  with  rectangular  basA 
These  crystals  being  exposed  to  a  red  heat,  gave  out  \rateranl 
carbonate  of  ammonia  Jind  oxygen  gas,  and  left  protoxide  «s 
uranium  in  the  state  of  a  black  powder,  liaving  a  good  deald' 
lustre;  but  which,  when  reduced  to  powder,  had  a  dark  greet 
colour.f 

I  found  the  yellow  crystals  a  compound  of 

3  atoms  carbonate  of  ammonia  .  .  14-625 
1  atom  percarbonate  of  uranium          .           .          30'7o 

4  atoms  water  .....  4-50 


49-875 
How  reduced.  II.  Protoxide  of  uranium  is  easily  reduced  to  the  metallic 
state,  by  passing  a  current  of  dry  hydrogen  gas  over  it,  placed 
in  a  glass  tube,  and  heated  by  a  spirit  lamp,  as  ^i-as  fo 
practised  by  Arfvedson.  Water  Is  formed,  and  the  uia- 
Ilium  in  the  act  of  reduction  becomes  red  hot.  The  urani- 
um, when  reduced  in  this  way,  assumes  a  liver  browm  colour, 
and  still  continues  in  powder.     Bucholz  and   Richter  retlucei 

•  Ann.  de  Mines,  x.  141.  f  First  Principles,  ii.  3. 
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it  tft  tin?  metallic  state,  by  mixing  it  \^ith  a  little  charc(Mil  pow- 
der, nritl  then  expositig'  llie  tiiixtiire  to  a  violent  lieat  in  a  bliist 
furimce.  It  can  only  l>e  obtained  in  small  grains:  no  heat  that 
we  ean  raise,  liein^  sufficient  to  melt  it  into  a  miuss. 

Its  cdloiir,  when  thus  obtained,  is  iron  gray;  it  has  con- 
gidenible  luHtre,  and  Is  soft  enough  to  yield  to  the  file.  Ita 
nmlli-ability  and  duetility  are  of  eoufHe  unknown*  It?i  specific 
gravity,  in  Klaproth*s  trials,  was  only  8.100.  But  Uucholz 
ol>tained  it  a.%  high  as  9*000« 

Uniniuni  reduced  by  hydrogen  gas  undergoes  no  ehange  in 
tl»e  ordinary  temperature  of  the  atmosphere ;  but,  when  heated 
to  redness,  it  takes  fire,  swells,  5U*d  is  ccui verted  iJito  green  oxide. 
It  is  insoluble  in  sulphuric  and  nniria tie  aeid*,  whether  con een- 
tradd  or  diluted;  but  nitric  acid  dissolves  it  with  facility, 
deutoxide  of  a2otc  being  given  out,  aiul  the  sidutiou  has  a 
lemon  yellow  colour. 

III.  Uranium  eombiues  with  two  different  proportions  of 
oxygen,  and  forms  two  oxides.  The  protoxide  is  green,  and 
the  peroxide  or  acid  of  uranium  is  yellow. 

1.  The  green  oxide  is  obtained  by  the  processes  already 
described,  or  by  exposing  metallic  uranium  to  a  red  heat-  Its 
colour,  while  in  grsuns,  is  black :  but  when  in  powder,  it  h 
dark  green.  it  is  soluble  in  sulphuric  and  muriatic  acid; 
but  the  solution  goes  on  very  slowly,  except  when  the  oxide 
is  iu  the  state  of  a  hydrate,  and  we  can  obtain  it  in  that 
state  by  precipitating  it  from  an  acid  solution.  In  that  state, 
it  Is  in  purple  coloured  flocks,  and  it  cannot  lie  dried  with- 
out being  at  least  partiidly  oxidized.  The  solutions  of  this 
oxide  in  acids  are  green.  When  the  protoxide  of  ura- 
nium is  dissolved  iu  nitric  acid,  it  is  converted  into  peroxide. 
Protoxide  of  urunium  is  tasteless,  and  when  anhydrous,  it  is 
not  altered  by  exposure  to  the  air.  None  of  the  salts  which  it 
forms  with  acids,  so  fiu"  as  I  have  tried  them,  arc  capable  of 
crystidli/ing. 

Various  experiments  have  been  made  to  determine  the 
composition  of  pn>toxide  of  uranium.  Bucholz  found  that  100 
parts  of  metal  be  uraiuum,  when  converted  into  protoxide  by 
heuT.  became  105'17  parts,'  Arfvcdson  rejieated  the  same 
experiment^  and  the  mean  of  two  trialn  was,  that  100  unuii- 
Uin,  when  converted  into  protoxide,  became  103*71 13.  By 
reversing  the  ex}ierimeQt«  or  by  reducing  the  protoxide   of 


rro()crtle^ 


Oxidca. 


Protoxids. 


*  Gehtefi*»  Jour,  iv.  S5. 
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chH».  iL  uranium  to  the  metallic  state,  by  means  of  a  cuixeiit  of  kydro- 
gen  gas,  he  found  it  composed  of  100  iiraniuHiy  and  3-67 
oxygen.  The  mean  of  these  two  sets  of  experiments  by 
Arfvedson,  give  the  constituents  of  protoxide  of  uniiium  u 
follows : 

Uranium         .         .         100 
Oxygen  .         .  3-69 

and  with  this  result,  the  trials  of  Berzelius  almost  eiacdj 
agree.  Now,  the  probability  is,  that  this  oxide  is  a  componi 
of  1  atom  uranium,  and  1  atom  oxygen.  If  this  be  the  C0e» 
we  will  obtain  the  atomic  weight  of  uranium,  by  dindiif 

100  by  3-69.      *    '  ^^^ 

But  I  consider  myself  entitled  from  my  analysis  of  the 
nio-carbonate  of  uranium,  to  consider  the  true  atomic  weigh 
of  this  metal  to  be  26.*     On  that  supposition,  the  fioUxak 
of  uranium  will  be  a  compound  of 
oxnixMitkKi.  1  atom  uranium         .         •  26 

1  atom  oxygen  .         .  1 

27 

And  its  atomic  weight  will  be  27. 
Fttozide.  2.  Peroxide  of  uranium,  or  uranic  acid,    as  it  miglit  k 

called,  is  easily  obtained  by  dissolving  protoxide  of  utuu0 
in  nitric  acid,  and  precipitating  by  caustic  ammonia.  A  betf- 
tiful  yellow  powder  is  obtained,  which  is  a  combinatioD  o^ 
peroxide  of  uranium  and  ammonia.  Such  is  its  tendency  tf 
combine  with  other  bodies,  that  it  cannot  be  obtained  in  i 
separate  state.  If  we  attempt  to  drive  off  the  anmionii  vi 
water  with  which  it  is  united,  it  loses  oxygen  at  the  same  tia& 
and  Ls  converted  into  protoxide.  The  same  change  tab 
place  when  we  heat  pernitrate  of  uranium.  It  possesses  ^ 
property,  as  Arfvedson  has  shown,  of  unitingr  both  with  ^ 
and  bases,  and  forming  salts  with  each;  so  that  it  has  tk 
double  property  of  acting  at  once  as  an  acid  and  a  base,  b 
this  respect,  it  agrees  with  several  other  weak  acids,  which  fi" 
be  described  in  the  subsequent  sections  of  this  chapter. 

Arfvedson  made  an  elaborate  set  of  experiments  to  detenniit 
the  composition  of  this  oxide.  He  formed  uraniate  of  kii 
and  found  by  analysis  that  it  was  a  compound  of 

*  First  Principles,  ii.  4. 
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UniBicacid  .         ,  99-12  or  10-6  s^^m 

Protoxide  of  lead         .         ,  130-a8  or  14  ' 


2r3000 
He  reduced  the  constituents  of  this  salt  to  the  metallic  state,  by 
passing  a  current  of  hydrogen  gas  over  230  part^  of  it.  The 
water  evolved  wn»  16-4  parts,  containing  14*577  parts  of 
oxygen.  Now  130-88  parts  of  protoxide  of  lead,  contain  9-35 
parts  of  oxygen*  Consequently  the  99' 1*2  parts  of  peroxide 
of  uranium  contained  5*2*2  parts  of  oxygen*  Hence  peroxide 
of  uraiiiom  must  be  a  compound  of 

Uranium  •         .         100 

Oxygen  •         •  3,559 

Anotlier  experiment  gave  the  oxygen  united  to  100  uranium 
in  the  peroxide  5-5765,     The  mean  of  these  two  is 
Uranium         ,  ,  100 

Oxygen  ,         •  5*56775 

Now  he  had  determined  by  experiments  stated  above,  that 
protoxide  of  uranium  is  a  compound  of  100  uranium  +  3*69 
oxygen.  So  that  the  oxygen  in  the  two  oxides,  united  to  the 
lame  weight  of  uranium^  have  the  ratio  of  3*69  to  5*56775, 
numbers  almost  exactly  in  the  ratio  of  2  to  3,  or  of  1  to  IJ. 
Hence  the  peroxide  of  uranium  ought  to  be  a  compoimd  of 
1  atom  uranium  •  .  26 
IJ  atom  oxygen  .         .  1'5 

27*5 
But  in  some  of  his  other  experiments,  as  for  example  his  analysis 
of  uraniate  of  barytes,  he  found  the  qimntity  of  oxygen  still 
greater  than  what  I  have  just  stated.     1-343  parts  of  uraniate 
of  barytes  were  foimd  composed  of 

Barytes  .         ,         ,  .         0*1933  or    9-5 

Peroxide  of  uranium         •         -         M497  or  56"5 


1-3430 

The  peroxide  of  uranium  being  converted  into  protoxide,  was 

reduced  to  1*121  parts.     According  to  tliis  experiment,  per- 

Modde  of  uranium  is  composed  of  1-121  parts  of  protoxide,  and 

^0887  parts  of  oxygen,  or  of  100  j>arts  of  protoxide,  and  2'56 

parts  of  oxygen.    But  100  protoxide  contain  3*7  oxygen,    Con- 

ieqiiently  by  this  experimen t,  peroxide  of  luunium  is  composed  of 

Uranium         .         .  100 

Oxygen  •         .  6*5 
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ch«p.  II.    Now,  3*69  is  to  6*5,  as   1.  to  1*76,  which  approaches  more 
nearly  the  ratio  of  1  to  2,  than  that  of  2  to  3. 

The  atomie  weight  of  barytes,  is  9*5 ;  and  uraDate  of  bailies 
was  found  by  Arfvedson,  to  be  a  compound  of 

Barytes  .         .         •  .  9"5 

Peroxide  of  uranium         .  .  56-5 

Now  if  the  siilt  be  a  compound  of  1  atom  barytes,  and  2  atov 
imiiiic  aeid,  then  the  atomic  weight  of  uraiiic  acid  will  be  28^ 
composiUoD.  I  analyzed  the  potitsh  perscsquisulphate  of  uranium,  and tk 
persesquinitrate  of  uranium,  and  obtained  in  each  28  for  Ac 
atomic  weight  of  uriinium.*  These  circumstances  induce  ne 
rather  to  consider  the  oxygen  in  the  peroxide  as  double  tbt 
in  the  protoxide.  If  this  supposition  (\i'hich  in  the  present  stt« 
of  our  knowledge  is  by  far  the  most  probable)  be  admitted,  dw 
the  com})ositioii  of  the  two  oxides  of  uranium  will  be  asfoUoi^: 

rraniuiii.  Oxygen.  ^2hL 

1.  Protoxide  1  atom  +  1  atom  .  .         27 

2.  Peroxide    1  +2  .  .         28 

III.  No  experiments  have  been  made  upon  the  compouBi 
which  uranium  is  capable  of  forming  w^ith  chlorine,  broouiK! 
and  iodine.  This  is  to  he  regretted,  because  tlie  accnn* 
knowledge  of  the  proportions  in  which  these  bodies  unite  fil 
it,  would  deeide  whether  the  ratio  of  combination  be  1  and  l? 
or  1  and  2.  The  analyses  of  the  chlorides  and  bromides  ^ 
iodides,  would  be  easier  and  much  more  certain,  in  consequewf 
of  the  high  atomic  weight  of  the  chlorine,- bromine,  andi<idifr' 

IV.  Nothing  is  known  respectmg  the  combinations  whifi 
uranium  may  be  ci4)able  of  forming  with  hydrogen,  azote,  car- 
bon, boron,  silicon,  and  phosphorus. 

suiphurct.  V.  I'he  sulphurets  of  uranium  have  been  very  imperfrrti; 

investigated.  Khiproth  mixed  the  peroxide  of  uranium  vio 
twice  its  weight  of  sulphur,  and  heated  it  in  a  retort  till  m^ 
of  the  sulphur  wa-^  driven  off.  The  residuum  was  a  blacki^ 
brown  compact  mass.  By  increasing  the  heat,  the  whole  of  tk 
sulphur  was  driven  off,  and  the  uranium  remained  in  themeBl- 
lie  state,  in  the  f(»rm  of  a  black  heavy  eoiu'se  powder.f  Bucholi^ 
experiments,  tliongh  made  in  a  different  way,  led  iie;u-lvtoil» 
same  result.  He  boiled  a  mixture  of  sulphur  and  oxide  d 
uranium  in  an  alkaline  solution  to  dryness,  heated  the  resi^Lt 
to  redness,  and  then  treated  it  with  distilled  M^ater.     A  bkick- 

*  First  Principles,  ii.  18.  f  Beitrage,  ii.  213, 
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X}wn  powilcr  rcmainptl  beliiiiH,  and  small  itcedks  of  a  red 
colour  a|>peared  in  tlie  solution.  Li  on*?  trial,  t\w  compound 
which  lie  obtained  ^liw  out  some  snlpliuretted  hydrug-en  when 
dissolved  in  muriatic  acid,  Tl»is  is  a  jn-ouf  tljat  it  was  not  a 
sulpLurefted  oxide,  hut  a  sulphuret  of  uranium.* 

M.  H.  Rose  succeederl  in  fitrming  a  sulidiurer;  of  uranium, 
by  pacing  very  slowly  a  current  of  bisulphurettcd  carbon 
vapour  over  protoxide  of  uranium-  heated  to  redness  in  a  porce- 
liiin  tube.  The  sul|)lniret  tbus  formed  is  black,  and  wben 
rubbed  assumes  tlie  metallic  lustre.  When  lieated  in  an  open 
vessel  the  8ul[>hur  burns,  and  protoxide  of  uranium  remains 
behimU  Muriatic  acid  scarcely  acts  upon  it;  but  nitric  acid 
readily  tlLs^olves  it  even  without  expoi^ure  to  it,  and  tiie  sulphur 
remains. 

When  a  liydrosulplniret  of  an  alkali  is  poured  into  a  neutral 

solution  of  protoxide,  or  peroxide  of  uranium  in  an  aei*l,  a 

lack  precipitate  falls,  whicli  has  not  been  examined.     But  it 

probably  consists  of  tw(»  distinct  sulphurets  (aecoriling^  to  tbe 

oxide  acted  on)  analog^ous  to  the  oxides, 

VL  Korhin^  is  known  respecting  the  combinations  which 
uranium  may  be  capable  of  forming  with  selenium,  telhiriura, 
arRenic,  antimony,  or  chromium ;  the  scarcity  of  this  metal 
ha\'ing'  hitherto  put  it  out  of  the  power  of  chemists  to  make 
die  requbite  experimentij  on  the  subject. 


SECTIOX  XIV,— OF  MOLYBDENUM. 

4*  Tlie  Greek  word  /AtiXvlSooLiva^  and   its   Liitin    trajiskition  HMury, 

^em  to  have  been  employ etl  by  tlie  ancients  to 

enote  various  oxides  of  lead;  but  l>y  the  moderns  they  were 

ppLied  indiscrimmately  U^  all  substances  jjcrssessed  of  the  fol- 

owirig  properties:  light,  friable,  and  soft,  of  a  dark  colour  and 

'greasy  feeb  and  which  h^ave  a  stain  upon  the  fin^'ers.    Scheele 

fin»l  examined  these  minerals  wltli  attenth^n.      He  found  that 

two  ver)^  difl'erent  substmices  bud  been  confounded  tojr^ether. 

^To  one  of  these,  which  is  composed  of  carbon  and  iron,  and 

rhich  has  been  already  ttescriljed,  he  a|jpropriated  tbe  word 

7(/o :  the  other  lie  called  mulijhdena* 

folybdena  is  composed  of  scaly  particles  adhering  slightly 

each  other.    Its  colour  is  bluish,  very  much  resembling  tliat 

lead.      Scheele  analyzed  it  in   1778,  and  obtained  sulphur 

nd  a  whitish  powder,  which  possessed  the  properties  of  an 


•  Oehlen^R  Jour.  iv.  47. 
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chAp,  iL    acid,  and  which,  therefore,  lie  called  iMcid  qfmoiybdena^ 

man  sii-^pccted  dik  acid,  from  its  properties^  to  be  a  mei 
oxide;  and  at  his  request,  Hjelm,  in  1782,  imdertook 
laborious  course  of  cxperimcntH  by  which  he  succeeded 
obtaining  a  metal  from  this  acid.  HLs  method  was  to  fbnB 
into  a  paste  with  linseed  oil,  and  then  to  apply  a  rery  stniff 
heat.  This  process  he  repeated  several  tunes  sneoesdTcIr.f 
To  the  metal  which  lie  obtained  he  gave  the  name  of 
detium^X  The  experiments  of  Scheele  were  afterwards 
by  Pelletier,5  Ilseman,||  and  Heyer;f  and  not  only  fully  «»* 
firmed,  hut  many  new  facts  were  discovered,  and  the  meldfe 
nature  of  molybdic  acid  was  put  beyond  a  doubt ;  thouglb  • 
consequence  of  the  very  violent  heat  necessary  to  fuse 
dennm,  only  very  minute  grains  of  it  have  been 
obtained  in  the  state  of  a  metal.  In  1 795,  Mr.  HatcheCt 
lished  a  very  valuable  set  of  experiments,  \i^hich  thi 
new  light  npon  the  nature  of  this  meUiL*'  We  are  ind 
Bueholz  for  a  very  elaborate  and  important  set  of  ex 
on  this  refractory  mctid  and  its  compound s.-[-(- 

In  1825,  Bcrzelius  published  an  elaborate  and  satkbCMf 
set  of  experiment  on  the  oxides  of  molybdeniun,  and  the 
which  they  form,  by  combining  with  adds.:j^J 

The  simp  I  Cist  metliod  of  procuring  molybdenum  in  a  sttt**f 
purity  seems  to  be  tliat  put  in  practice  by  Hjelm.  MolyU* 
is  roasted  in  a  moderate  red  heat  slowly  and  repentedlfi  i 
the  whole  is  reduced  to  the  state  of  a  fine  powder,  and  vtt^ 
through  a  sieve.  The  powder  is  to  be  dissolved  in 
the  solution  filtered,  and  evaporated  to  dryness.  The 
being  moderately  heated  (adding  a  little  nitric  acid)  l€tw> 
wliite  powder,  which  is  the  pure  oxide  of  molybdenom.ff  ^ 
mixing  this  oxide  with  some  oil  or  charcoal  powdfr,  tf' 
exposing  it  to  a  violent  heat,  it  is  reduced  to  the  metti 
state.  The  method  followed  by  Bueholz  was  nearly  ^i^ 
He  has  shown  that  heat  reduces  the  oxide  to  tlie  metalMcsoS 
without  its  being  necessary  to  add  any  charcoal.  But  ii<»  ^ 
which  he  could  raise  w^as  high  enough   to  melt  this  refeKW'! 


*  Scheele,  i*  236,  \  Bergman^s  Sciagraphia,  p.  19  £ik.(^ 

X  CrelFs  Annals,  1790,  i.  39,  ^c,         §  Jour,  de  Phys*  1784  Dw^ 
tl  CreU*8  Annalsp  1787, 1  407.  f  Ibid.  1787,  iL  27,  am!  lii 

«♦  Phil.  Trans.  17f>5,  p.  323.  f  f  Geblen's  Jour.  ir.  398L  ' 

\\  Kongl  VetensL  Acad.  Haiidl.  1825,  p.  145. 
S§  Creira  Annals,  iii.  338,  Eng.  transl. 
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Tnefal   into  a  solid  button.     The   experiments  of  preceding   "tactxiv. 
clicmmtw  imd  been  equally  unfortunate. 

Tlie  most  convenient  way  of  obtaining  metallic  molyb<lenum 
for  ehemiail  purposes  is  to  put  a  cpiantity  of  raolybdic  aciil  iiUo 
a  porcelain  tube,  which  parses  through  a  furuace,  to  lieat  it 
to  whiteness,  and  then  pass  a  current  of  dry  hydrogen  gas 
through  it  as  long  as  water  continues  to  be  formed.  It  is  then 
allowed  to  cool,  taking  care  to  keep  the  poreehiin  tube  filled 
if^-itii  hydrogen  ga^  all  the  time.  By  this  procesiis,  molyl>denum 
is  obtained  in  the  state  of  a  grayish  powder  susceptible  of  j>olii*h, 
and  then  assuming  the  metallic  lustre. 

L  Hitherto  the  nu^tal  ha«  been  obtained  only  in  small  grains,  Propmki* 
or  in  pieces  imperfectly  agglutinated,  and  which  l>reak  readily 
when  struck.  Its  colour,  from  the  observations  of  BuchohE, 
ieems  to  be  a  silvery  white,  but  it  frequently  has  a  shatle  of 
yellow,  lijelni  found  its  specific  gravity  only  7*40Uj  but 
Bueholz,  whose  specimens  had  doubtless  been  exposed  to  a 
more  violent  heat,  and  were  more  compact,  found  it  as  high  as 
8-615  or  even  8'606.*  Molybdenum  Is  brittle.  It  is  not 
altered  though  kept  under  water.  Its  affinity  for  oxygen  is 
not  great*  Hence  it  is  not  liable  to  undergo  alteration  when 
exposed  to  tlie  atmoi^phere. 

Neither  dilute  sulphuric  acid,  nor  muriatic  acid,  nor  fluoric 
acid,  dissolve  it  But  concentrated  snlpbiu-ic  acid  attacks  it ; 
sulphurous  acid  is  disengaged,  and  a  brown  matter  formed. 
Nitric  acid  diasoUes  it,  and  either  forms  a  nitrate  of  molyb- 
denum  or  molybdic  acid,  according  to  the  proportion  of  the 
acitl  employed.  It  dissolves  readily  in  aqua  regia.  When 
heated  with  nitre  it  is  oxidized  with  rapidity.  Hydrate  of 
potash  does  not  dissolve  it  by  boiling;  and  when  the  molyb-  -. 

denum  and  hydrated  potash  are  heated  in  a  crucible,  the  action  H 

ifi  very  slow  and  imperfect, 

11.  When  the  metal  is  heated  to  redness  in  an  open  vessel,  oi^we*. 
it  absorl)9  oxygen,  and  is  converted  into  a  brown  powder,  which 
becomes  reddish  if  the  heat  be  long  continued,  and  at  last, 
according  to  Bncbolz,  becomes  blue.  When  the  heat  to  which 
the  metal  is  exposed  is  still  higher,  the  molybdenum  takes  fire, 
and  bums  without  flame,  smokes,  and  deposites  small  brilliant 
w^hite  needles,  which  constitute  molybdic  acid.  So  far  as  we 
know  at  present,  this  metal  combines  ^i-ith  three  different  pro- 
portions of  oxygen,  and  forms  three  oxides,  the  first  two  of 

•  Gehlen'a  Jaur.  tr.  618. 
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Chap.  H.  ^hicli  possess  the  characters  of  salifiable  bases ;  but  the  last  ii 
an  acid.  My  knowletljjre  of  tlie  protoxide  is  entirely  derived 
from  the  experiiuonts  of  Berzeliiis.  I  did  not  succeed  in  the 
experiments  which  I  tried  in  satisfying  myself  of  its  peculiar 
nature.  But  from  analogy  there  can  be  little  doubt  of  ill 
existence. 
Protoxide.  1.    The  mctliod  of  obtaining  protoxide    of  molybdeniniL 

emj)Ioyed  by  Rerzelius,  wiis  the  following* :    Dissolve  a  mo\\\h 
date  in  a  small  quantity  of  water ;  pour  muriatic  acid  into  tb 
liquid  till  the  molybdic  acid  at  first  tlirown  down  be  again  &- 
solved ;  then  digest  the  solution  with  distilled  zinc.    The  liqnil 
becomes  first  blue,  then  reddish  brown,  and  at  last  black.    If 
we  continue  the  action  of  the  zinc  long  enough,  the  protoxii 
of  molybdenum  falls  down  in  tlie  state  of  a  black  hydrate: 
but  in  general  it  remains  in  solution.     To  throw  it  doim  *H 
as  much  ammonia  as  is  sufficient  to  throw^  down  the  oxide  rf 
molybdemnn,  without  acting  upon  the  zinc  in  solution.  AVai 
it  repejitedly  with  water,  containing  caustic  ammonia,  to  &r 
solve  any  oxide  of  zinc  which  may  be  mixed  ii'-ith  it,  then  vii 
pure  water.     Dry  it  first  between  folds  of  filtering  paper,  aid 
then  by  ])lacing  it  in  the  vacuum  of  an  air-pump,  over  sulphuric 
acid.      It  is  very  difficult  to  dry  it  without  the  absorjitionrf 
more  oxygen.     Berzelius  siiys  that  the  last  portions  of  oni 
of  zinc  may  be  removed  by  mixing  a  molybdate  with  a  greater 
quantity  of  muriatic  acid  than  is  necessary  to  saturate  its  Imbc 
and  then  agitating  it  with  mercury,  in  which  only  a  little  pot- 
assium luis  been  dissolved,  so  as  to  prevent  it  from  being  decoa- 
posed  too  rapidly.     The  black  litjuid  is  now  to  be  precipitatti 
by  caustic  ammonia.    The  precipitate,  when  washed  and  AnA 
is  pure  hydrated  protoxide  of  molybdenum.       I  have  not  trieJ 
this  process ;  but  with  the  zinc  I  doubt  whether  it  be  possib^^ 
to  obtain  an  oxide  of  molybdenum  fit  for  analysis. 

If  we  ])ut  a  quantity  of  molybdic  acid  into  muriatic  acid-an^ 
a  piece  of  zinc  along  with  it,  and  continue  the  action  for  a 
considerable  time,  the  molyl>dic  acid  becomes  black  \nthoi^ 
dissolving,  and  is  converted  into  ])rotoxide  of  molylxlenuiB' 
But  it  cannot  be  dried  without  absorbing  oxygen,  and  hcvui 
converted  into  deutoxide,  or  even  partly  into  mcdylnlic  arii^ 
for  it  always  assimies  a  blue  colour. 

Protoxide  of  molybdenum  dissolves  with  difficulty  in  tiviis 
The  solution  is  black  and  opaque ;  but  when  very  dilute  i^ 
has  a  grayish  brown  colour.  The  taste  of  these  solutioa<  '^ 
simply  astringent.    When  the  hydrated  protoxide  is  heated  in 
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j       Tacuo,  it  parts  ii^^th  its  water  slowly.     If  we  raise  the  heat  ^^^^V- 

I  {after  it  has  become  anhydrous)  to  an  incipient  red,  it  glows 
and  scintillates.  The  protoxide  is  now  under  the  form  of 
a  black  |>owder,  and  is  insoluble  in  all  acids*  When  the  pro- 
toxide is  heated  in  the  open  air  it  takes  fire,  burns  faintly,  and 
ig  converted  into  molybdic  acid.  This  oxide  neither  dissolves 
in  caustic  potash  nor  in  the  alkaline  carbonates. 

The  attempts  of  Berzelius  to  determine  the  quantity  of 
oxygen  in  this  oxide  were  unsueeessfuL     Supposing-  the  black 

.       oxide  to  exist,  there  caii  be  little  doubt  from  analog^y  that  it  ia 

I      a  compound  of 

rL,  Molybdenum         .         .         6 

m  Oxygen  ,         ,  1 


J 


^ 


7 
and  that  its  atomic  weight  is  7.     For  it  will  appear,  as  we 
proceed,  that  the  atomic  weight  of  molybdenum  is  6.     This 
oxide,  then^  is  a  protoxide,  and  contains  1  atom  of  oxygen 
united  to  1  atom  of  the  me  tab 

2.  The  deutoxide  is  the  oxide  which  I  described  in  the  last  Detnoxide* 
edition  of  this  work,  under  tlie  name  of  protoxide.  It  was 
disicovered  by  lluebolz,  wlio  ol)tained  it  by  the  following  pro- 
cess :  Put  dry  molybthite  of  ammonia  into  a  crucil>le,  cover  it 
with  charcoal  powder,  and  expose  it  to  a  white  heat-  TJie 
brown  oxide  will  be  found  at  the  bottom  of  tlie  crucible.  It 
has  a  crystallized  appearanccj  a  deep  copper  colour,  and  a 
specific  gravity  of  5"G60* 

The  most  advantageous  mode  of  preparing  this  oxide,  accord- 
ing to  Berzelius,  is  to  mix  dry  molybdate  of  soda  with  sal 
ammoniac,  and  to  heat  the  mixture  rapidly  in  a  covered  p latin nm 
crucible  till  it  ceases  to  exhale  fumes  of  sid  ammoniac.  Let  tlie 
crucible  cool,  and  wash  what  it  contains  with  water,  wliieh 
dissolves  common  salt^and  leaves  the  deutoxide  of  molybdenum 
in  the  state  of  a  very  dark  brown  powder. 

Thus  prepared  it  is  very  dark  coloured,  but  appears  purple 
in  the  light  of  the  sun.  It  is  insoluble  in  acitls.  Concentrated 
sulphuric  acid,  indeed,  and  bitartrate  of  potash,  dissolve  a  little 
0f  it;  but  how  long  soever  the  action  be  continued,  they  never 
take  up  any  more.  Nitric  acid  con\*erts  it  into  molybdic  acid. 
Muriatic  and  fluoric  acid  have  no  action  on  it;  nor  is  it  acted 
on  by  an  alkaline  ley. 

Bui  when  this  oxide  is  in  the  state  of  a  hydrate,  it  dissolves 
ill  aciflst  and  h  capable  of  forming  salts  with  them.     Now 
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^*P-"-  we  may  obtain  it  in  tliis  state  by  the  foUomiig  process: 
Digest  molybdenum  in  a  concentrated  muriatic  solution  of 
molybdic  acid»  The  liquid  becomes  first  blue,  and  after- 
wards a  very  deep  red,  Wlieu  this  ktst  colour  appears, 
add  caustic  ammonia  to  the  solutions  and  the  hydrated  deut- 
oxide  of  molybdenum  will  be  precipitated,  A  still  easier 
method  is  to  dissolve  chloride  of  molybdenum  (obtained  by 
passing  a  current  of  chlorine  gas  over  hot  molybdenum)  in 
water,  and  precipitfite  the  solution  by  imimonia*  Another 
method  is  to  digest  a  mixture  of  molybdic  acid,  and  copper 
in  muriatic  acid,  till  all  tlie  molybdic  acid  be  dissolved.  The 
liquid  J  which  has  a  dark  red  colour,  is  to  be  mixed  with  a 
sufficient  quantity  of  ammonia  to  keep  the  copper  in  solntion, 
while  it  throws  down  the  hydrated  deutoxide  of  molybdenum, 
iijfdratrof.  This  hydrate  has  exactly  the  appearance  of  peroxide  of  iron. 
According  to  Berzelius,  it  is  soluble  in  water.  The  solution 
has  a  yellow  colour.  Hence  it  cannot  be  washed  with  pure 
water.  But  it  may  he  washed  with  water  holduig  sal  ammoniac 
in  solution,  and  the  sal  ^mimoniac  may  be  idtimately  removed 
by  alcohol.  It  should  be  dried  in  vacuo,  over  sulphuric  acid. 
The  saturated  aqueous  solution  of  this  deutoxide  has  a  deep  red 
colour.  When  kept  for  two  or  three  weeks  in  a  close  vessel, 
it  assumes  the  form  of  a  jelly,  without  losing  its  transparency- 
This  aqueous  solution  reddens  litmus  paper.  It  has  a  weak 
astringent  taste,  and  leaves  a  metallic  impression  in  the  mouth* 
When  dried  it  has  a  very  dark  brown  colour,  and  has  lost 
the  propert}'  of  dissolving  in  water.  When  heated  in  vacuo 
it  lets  go  its  water,  and  tlie  anhydrous  deutoxide  remains  no 
longer  soluble  in  acids.  The  aiustie  alkalies  do  not  dissolve  it, 
but  it  is  soluble  in  the  alkaline  carl>onates.  After  being  once 
precipitated,  it  is  no  longer  soluble,  except  very  feebly,  in 
these  carbonates.  When  an  excess  of  im  alkaline  carbonate  is  h 
poured  into  a  salt  of  molybdenum,  conUiining  this  oxide  for  a  V 
base,  all  the  precipitate  at  first  formed,  is  redissolved.  The 
alkaline  bicarbonates  dissolve  still  more  of  it  than  the  carbon- 
ates. When  a  solution  of  this  oxide  in  carbonate  of  potash  is 
left  to  itself  for  some  time,  the  oxide  is  gradually  acidified,  and 
molybdate  of  potasli  formed. 

Berzelius  found  that  100  parts  of  this  oxide,  when  digested 
in  nitric  acid,  were  converted  into  112*55  parts  of  molybdic 
acid.  Now  it  will  appear  immediately,  tliat  molybdic  acid 
Contains  Jd  of  its  weight  of  oxygen.  Consequently  112*55 
parts  of  molybdic  add  contains  37*5  parts  of  oxygen,  and  100 
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deutoxicle  of  molybdenum,  is  a  compound  of  75  parts  molyb-    ^^  xrfj" 
denum  and  25  oxygen.    Hence  we  have  the  oxygen  in  dent- 
oxide  to  that  in  molybdic  acid  a^  25  to  37'5j  that  Li  a^  2  to  3. 
Henee  deutoxide  must  be  a  compound  of 

1  atom  molybdenum         .         .  6 

2  atoms  oxygen  .         .         2 


H 


* 


8 
Eld  its  atomic  weight  must  be  8* 

S.  Molybdic  acid  is  obtained  most  easily  from  native  molyb-  "fi^**^ 
dena,  by  roasting  it  for  some  time,  and  then  dissolving  the 
gray  residue  in  ammonia.  The  solution  Ls  to  be  concentrated 
and  then  filtered.  A  little  caustic  ammonia  being  added  to 
the  liquid,  after  it  hw-a  been  sufficiently  concentnited,  it  is  to 
be  set  aside  to  cr}'stal!ize.  These  crystal>!  being  exposed  to  a 
gentle  heat  in  an  open  crucible,  the  ammonia  is  driven  off,  and 
pure  moIybtUc  acid  remains  behind;  or  deutoxide  of  molyb- 
denum may  be  dissolved  in  nitric  acid,  the  solution  evaporated 
to  dryness,  and  the  dry  residue  exposed  to  a  heat  sufficiently 
strong  to  drive  off  alt  the  nitric  acid. 

Molyixlic  acid  thus  prepared,  is  a  white  light  poroiB  matter, 
which,  when  agitated  in  water^  divides  itself  into  crystal  line 
8Gale^  having  a  silky  lustre  when  exposed  to  the  direct  rays  of 
Ike  sun.  At  a  red  heat  it  melts  into  a  deep  yellow  liquid, 
itraw  yellow  and  in  crystalline  scales  when  cold.  Its  specific 
gra\ity,  a%  determined  by  Bergman,  is  3"46.  In  close  vessels 
it  h  fixed  at  a  red  heat;  but  in  an  open  vessel  it  begins  to 
fnK^e  and  volatilize  as  soon  as  it  enters  into  fusion.  If  we 
heat  it  in  a  platinum  crucible,  covered  with  a  concave  lid,  cou- 
taiiung  water,  it  may  be  sublimed  in  yelloiv  scales,  which 
attach  themselves  to  the  inside  of  the  vesseL,  It  dissolves  very 
apvringly  m  H-^ter;  to  which,  however,  it  communicates  the 
property  of  reddening  vegetable  blues.  This  solution  has  a 
weak  metallic  taste.  Water  takes  up  about  y^th  part  of  its 
weigiit  of  this  acid.  No  hydnited  molybdic  acid  is  known. 
Belbre  calcination  it  is  soluble  in  acids,  with  which  it  com- 
bines, forming  a  kind  of  salts.  It  dissolves  when  boiled  with 
bttartrate  of  potash^  even  after  having  been  calcined. 

From  the  experiments  of  Bucholzj  it  appears  that  when  100 
pftrlii  of  molybdenum  are  converted  into  molybdic  acid,  they 
unite  with  49  or  50  part-s  of  oxygen,  I  found  tliat  15  grains 
of  anhydrous  molybdate  of  jiotash,  when  mixerl  with  20*75 
grains  of  anhydrous  nitrate  of  lead,  were  deprived  exactly  of 
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Q^""  all  their  molybdic  acid,  which  precipitated  in  the  state  of  molyb- 
date  of  lead.  The  residual  Uquid  contained  no  lead  nor  mo- 
lybdic acid.  Now  20-75  parts  of  nitrate  of  lead  contain  14 
parts  of  oxide  of  lead,  whidi  is  the  equivalent  of  an  atom. 
Therefore  14  oxide  of  lead  must  have  combined  with  an  atom 
of  molybdic  acid.  15  parts  of  molybdate  of  potash  must  have 
contained  an  atom  of  molybdic  acid,  and  this  atom  must  have 
been  united  to  an  atom  or  6  of  potash.  Consequently  molyb- 
date of  potash  is  a  compound  of 

1  atom  molybdic  acid         .         .         9 
1  atom  potash  .         .         6 

15 
It  is  evident  from  this  that  an  atom  of  molybdic  acid  weiglis  9. 
And  as  Bucholz  has  shewn  that  |d  of  its  weight  is  oxygen,  it 
follows  that  it  is  a  compound  of  6  molybdenum  and  3  oxygen. 
6  then  is  the  atomic  weight  of  molybdenum,  and  molybdic  acid 
is  a  compound  of 

1  atom  molybdenum         .         .         6 
3  atoms  oxygen  .         .        3 

9 

JggJjJ^  4.  There  is  another  compound  to  which  Bucholz  gave  the 
name  of  molybdaus  acid^  and  which  has  a  blue  colour.  It  was 
obtained  by  him  by  the  following  process :  Mix  together  1 
part  of  molybdenum  in  powder  and  2  parts  of  molybdic  acid, 
and  triturate  them  in  a  porcelain  mortar  made  into  a  pap  with 
hot  water  till  tlie  mixture  becomes  blue,  then  add  8  or  10  parts 
of  water,  and  boil  the  whole  for  a  few  minutes.  Filter  the 
solution,  and  evaporate  in  a  temperature  not  exceeding  120**. 
The  blue  oxide  remains  in  the  state  of  a  fine  powder.  If  the 
whole  of  the  mixture  of  molybdenum  and  molybdic  acid  be  not 
dissolved,  the  process  may  be  repeated  with  the  residue  as  often 
as  is  necessary.  It  may  be  prepared  also  by  triturating  for  a 
long  time  with  water,  three  parts  of  deutoxide  of  molybdenum, 
and  four  parts  of  molybdic  acid,  and  then  boiling  the  mixture. 
The  blue  liquor  is  gently  evaporated  over  a  little  metallic 
molybdenum. 

When  we  drop  a  solution  of  bichloride  of  molybdenum  into 
a  concentrated  solution  of  molybdate  of  ammonia,  the  blue  mat- 
ter precipitates  under  the  form  of  a  powder.  When  we  filter, 
the  blue  matter  is  left  on  the  filter  in  a  state  very  similar  to 
indigo.     It  may  be  washed  by  a  solution  of  sal  ammoniac,  in 
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wliicli  it  is  insoluble.  It  is  soluble  in  water  and  also  in  a!co-  ^*^  ^'^'' 
hoi.  The  aqueous  sohition  h  a  fine  blue.  I  found  that  when 
set  aside  for  some  time  ir.  became  colourless^  while  a  quantity 
of  molybdic  aciil  was  tieposited  at  the  bottom  of  the  phial.  In 
a  dry  state  it  may  be  kept  as  long"  as  you  pleEise,  When 
heated  in  vacuo  it  gives  out  water,  acquires  a  brownish  blue 
colour,  and  loses  its  solubility  in  water.  It  is  precipitated 
from  water  by  sal  animoiiiae.  It  dissolves  in  acids  and  forms  a 
fine  blue  solution.  When  evaporated  to  dryness,  a  thick  blue 
matter  is  ol>t^iined,  wLicii  gradually  loses  its  colour. 

The  aqueous  solution  of  this  blue  substance  is  instantly 
deprived  of  its  colour  by  the  addition  of  an  alkali.  I>eut- 
oxide  of  molybdenum  is  thrown  down,  and  there  remains  in 
gotution  an  alkaline  molybdate.  These  phenomena  seem  to 
leave  no  doubt  that  lierzelius's  opinion  respecting  the  nature 
of  this  blue  matter,  is  correct.  It  is  a  solution  of  deutoxide  of 
molybdenum  in  molybdic  acid.  Supposing  it  to  be  a  neutral 
molybdate  of  molybdeoum,  its  constituents  will  be 

1  atom  molybdic  acid  .         .         .         ,         9 

I  atom  deutoxide  of  molybdenum         ,         .         8 
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So  that  it  consists  of  2  atoms  of  molybdenum  united  to  5  atoms 
of  oxygen.     But  Rerzelius  affirms,  though  apjmrcntly  entirely 
from  theoretical  consideration^  that  it  is  a  compovuid  of  83 
molybdic  acid,  and  1 7  deutoxide.     That  is  to  say  of 
4}  atoms  molybdic  acid  *         .         40*5 

1    atom  deutoxide  •         .  8 


48'5 

It  is  plain  that  Bucholz's  opinion  respecting  its  nature  ciui- 
not  be  correct,  otherwise  it  wouhl  be  identical  with  deutoxide 
of  molybdenum,  which  pos.sesses  very  different  properties. 

Ill,   Chlorine  and  molybdenum  unite  in  three  proportions j  chuytut^ 
ft?rming  three  chlorides,  analogous  in  their  constitution  to  the 
three  oxides. 

1.  fiicliloride  of  molybdenum  is  the  most  easily  obtained,  »ichk.ruiiy. 
Wlien  molybdenum  is  heated  in  chlorine  gas,  it  takes  fire,  and 
liurns,  forming  a  dark  red  vapour,  which  condenses  in  the  cold 
part  of  the  apparatus,  in  dark  gray  crystids,  quite  similar  to 
iodine  in  appearance.  These  crystals  constitute  bichloride 
of  molybdenum.  It  melts  when  slightly  heated,  and  is  easily 
subUmed.    On  congealing,  it  crystallizes.    When  exposed  to 
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ciwff.  a  the  air  it  gives  out  vapours,  and  soon  begins  to  deliquesce. 
The  solution  is  at  first  black;  it  then  becomes  bluish  g^een, 
and  when  diluted  with  water,  it  becomes  deep  red,  and  at  last 
yellow.  When  kept  in  a  vessel  containing  common  air  it 
absorbs  ozygen,  a  white  sublimate  appears,  which  is  perchlo- 
ride  of  molybdenum.  When  put  into  water,  this  deutochlo- 
ride  acts  upon  the  liquid  with  such  violence,  that  an  efferves- 
"  cence  appears  at  the  point  of  contact,  as  if  a  gas  was  separating, 
which,  however,  is  not  the  case.  When  a  little  of  the  chloride 
is  mixed  with  much  water,  the  liquid  becomes  green  or  blue 
firom  the  oxidizing  action  of  the  air.  Berzelius  informs  us 
(but  he  does  not  appear  to  have  subjected  it  to  analysis)  that 
this  chloride  is  a  compound  of 

2  atoms  chlorine  .         •         9 

1  atom  molybdenum        .         •         6 

15 

So  that  its  atomic  weight  is  15,  and  it  is  analogous  to  the  deut- 
oxide  of  molybdenum.* 
cuoridcL  2.  When  metallic  molybdenum  is  heated  in  the  vapour  of 

deutochloride  of  molybdenum,  it  absorbs  the  vapour,  and  is 
converted  into  a  conglutinated  dark  red  matter,  which  is  the 
protochloride  of  molybdenum.  When  this  matter  is  digested 
in  water,  only  a  little  protomuriate  of  molybdenum  is  dissolved. 
The  residual  matter  still  retains  its  colour,  and  is  insoluble  in 
water  and  muriatic  acid ;  but  when  treated  with  an  alkaline 
hydrate,  muriate  of  the  alkali  is  formed,  and  protoxide  of 
molybdenum  thrown  down.  It  is  obvious  from  this,  that  the 
chloride  is  a  compound  of 

1  atom  chlorine  .         .         4*5 

1  atom  molybdenum         .         .         6 

10-6 
and  that  its  atomic  weight  is  10*5.  When  heated  to  redness 
in  vacuo,  it  sublimes  into  a  dark  green  matter,  soluble  in  water 
and  muriatic  acid.  But  when  air  has  access  to  it,  the  subli- 
mate is  tile  red  and  insoluble  in  water;  but  equally  resolvable 
by  an  alkaline  hydrate  into  muriatic  acid  and  protoxide  of 
molybdenum.  The  nature  of  this  green  sublimate  is  quite  the 
same.f 
Teichiovide.        3.  When  anhydrous  deutoxide  of  molybdenum  is  heated  in 

•  Kongl.  Vetensk.  Acad.  Handl.  1825,  p.  154.  f  Ibid.  p.  165. 
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dry  cliiorine  gas,  a  yellowish  white  subliraate  rises,  and  molyb-   ^^  ^i^- 
die  aeid  remains  behind.     This  siiblinmto  is  a  perchloride  of 
inolylKleiiuni  composed  of 

0  atoms  chlorine  -         .  13'5 

1  atom  molybdenum         .  .  6 

19*5 
The  Ruhlimate  h  in  soft  cryst^linc  plates.     It  does  not  melt 
when  heated,  ntid  is  less  volatile  than  the  bichloride,  but  mth^ 
limes  eiisily  under  a  red  heat.     It  is  very  soluble  in  water  and 
(deohol.     Its  taste  is  astringent  and  metallie.* 

1\\  We  are  still  unacquainted  with  the  combinations  of  bro- 
mine witJi  molybdenum, 

V.  We  are  acquainted  with  two  compounds  of  iodine  and 
molybdenum,  analogous  to  tlie  two  oxides.  No  compound  of 
iodirte  anahjgous  to  molylxlic  acid  has  been  yet  discoveretl. 

I<  The  vapour  of  iotline  does  not  act  upon  raolybdennm 
even  at  a  red  heat.  But  the  hydrated  protoxide  dissoives  in 
hydriodic  acid,  and  forms  a  salt  quite  simihir  to  tlie  chloride. 

2.  In  like  manner,  the  hydrated  deutoxide  of  molybdentmi 
dissolves  in  hydriodic  acid,  and  when  the  s*>hition  is  evapo- 
rated, red  crystals  are  obtiUJied^  constituting  a  deutoxide  of 
molybdenum.  T'he  crystals  by  reflected  Ught  appear  brown. 
When  this  salt  h  heated  to  redness  it  is  decomposed  into 
hydriodic  acid  and  deutoxide  of  molybdenum,f 

VL  Nothing  is  known  respecting  any  comliinations  which 
molybdenum  may  be  capable  of  forming  widt  liydrogen,  azote» 
carbon,  boron,  silicon,  or  phosphorns. 

VI L   We  are  acquainted  with  three  compounds  of  sulphur  suiiAidw/ 
and  molybdenum.     But  as  none  of  these  is  analogous  to  the 
protoxide,  protiodide,  and  protochloride,  the  probability  is,  that 
a  fourth  sulphuret  will  hereafter  be  discovered  containing  lem 
sulphur  than  any  of  tliose  at  present  known. 

1.  Bisulphide  of  molybdenum  occurs  native,  and  is  weU  huuH 
known  to  mineralogists  under  the  name  of  molybdena.  It  is 
soft,  has  a  leaden  colour,  the  metallic  lustre,  stains  paper  like 
plumbago,  but  leaves  a  dark  green  streak  on  porcelain.  Its 
specific  gravity  is  4*591.  It  may  be  exposed  to  a  very  high 
temperature  in  close  vessels  without  undergoing  any  eliange^ 
But  in  the  open  air  its  sulphur  is  soon  dissipatetl  when  heat  is 
applied,  and  the  molybilenum  acidifieiL      Nitric  acid  oxidizes 

•  Kongl  Vetcnsk,  Acad,  Hand).  1825,  p.  170, 
t  Ibtd  pp.  167  and  155. 
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(^>i<p-  "• .  it  easily  without  dissolving  it,  while  it  is  soluble  in  aqua  rtgi. 
Caustic  potash  hardly  acts  upon  it  in  the  moist  way,  but  vhn 
the  t\^'o  substances  are  fused  together,  a  compound  is  formei 
which  dissolves  in  water.  This  sulphide^  according  to  tke 
analysis  of  Bucholz,  is  a  compound  Of 

1  atom  molybdenum         .  .  6 

2  atoms  sulphur  •  •  4 

10 

rtesttiphide.       2.  Tersulphide  of  molybdenum  may  be  obtained  by  paanif 
a  current  of  sulphuretted  hydrogen  gas  throug^h  a  concentnted 
solution  of  a  molybdate  in  water.     The  gas  is  absorbed  vid 
avidity,  and  on  adding  an  acid,  tersulphide  of  molybdeom 
precipitates.     It  is  under  the  form  of  a  dark  brown  powder, 
which  becomes  quite  black  when  dried.       "When  distilled  8 
g^ves   out   sulphur,  and   leaves  bisulphide    of  molybdenm. 
When  drawn  along  porcelain  it  leaves  a  brownish  black  ht 
Itis  scarcely  soluble  in  caustic  potash,  but  dissolves  readilTa 
sulphuret  of  potassium,  and  in  the  hydrosulphurets ;  at  letft 
when  assisted  by  heat.    We  obtain  the  same  tersulphide  vixs 
we  dissolve  molybdic  acid  in  a  hydrosulphuret,  and  predpiv 
the  solution  by  an  acid.     But  the  tersulphide   in  that  case  b 
often  mixed  with  sulphur  or  with  molybdic  acid.      Sulphuret- 
ted hydrogen  gas  when  left  in  contact  with  molybdic  adi 
renders  it  first  blue  and  then  black.*     The   tersulphide  is » 
compound  of 

3  atoms  sulphur  .  .  6 
1  atom  molybdenum         .          .           6 

12 

^tenuL  3,  Quatersulpliide  of  molybdenum  was  first  formed  by  Bff- 
zelius.  It  may  be  obtained  by  the  following  process:  Pfr 
pare  a  combination  of  bisulphide  of  molybdenum  with  sulphuret 
of  poUissium.f  To  this  must  be  added  an  excess  of  bisulphMr 
of  molybdenum,  and  the  mixture  must  be  boiled  for  a  long  W 
in  a  sufficient  quantity  of  water.  At  a  certain  period  tk 
liquid  becomes  muddy,  and  a  black  powder  precipitates,  Tli 
powder  is  to  be  collected  on  a  filter,  and  washed  with  cold  wattf. 
till  the  liquid  which  passes  through,  when  mixed  with  muriaw 
acid,  lets  fall  a  red  precipitate  and  not  a  brownish  black  oik. 

♦  Berzelius  ;  Kongl.  Vetensk.  Acad.  Hand!.  1825,  p.  300. 
\  This  is  a  sulphur  salt  which  will  be  described  in  a  subeequent  part  of  ti^ 
work.    It  is  a  nct^  bea\\l\&iV  crystallized  salt. 
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Then  boiling  water  is  poured  upon  tlie  black  matter  contained    seet  xv. 

on  tlie  Hlter,  as  long  as  any  tlnng^  is  dissolved,     A  solution  of 

dark  red  colour  k  obtained,  into  whicli  an  excess  of  muriatic 

lacid  is  to  be  poured.     A  dark  red,  translucent,  bulky  precipi- 

Itate  Is  obritiiied,  wliicb  is  to  be  washed  on  a  filter.      It  consti- 

I  lu ies  q uate rs ii  1  p h i d e  of  mo  1  y bd e n um. 

When  dried  it  m  much  less  bulky ^  has  the  metallic  lustre 
jid  a  gray  colour,  but  when  pounded  assumes  a  cinnamon  brown 
l^olour.     This  quatersulphide  is  a  compound  of 

4  atoms  sulphur  .         .         8 

1  atom  molybdenum         *         .         6 


14* 

VI I L    We   are  still  unacquainted  with  tlie  combinations 
I  which  molybdenum  may  be  capable  of  forming  with  selenium 
id  tellurium. 

IX.  When  arsenic  and  molybdenum  are  melted  together,  Aiwnict, 
be  whole  of  the  arsenic  sublimes:  but  when  oxide  of  arsenic 

employed,  a  combination  tidtes  placcj  from  which  the  arsenic 
not  easily  separable  again.f 

X,  No  attempt  Las  hitherto  been  made  to  alloy  antimony 
rilh  molybdenum ;  we  do  not  therefore  know  whether  these 

iro  metaLs  be  c*apable  of  combinbjg  with  each  other*     Nor  is 
Liiy  thing  known  respecting  the  alloy  of  molybdenum  and 
chromimn* 

The  salts  of  molybdenum  have  slightly  poisonous  qualities.  jnghUorm* 

IJIitherto  tliis  metal  lias  not  been  apptie<l  to  any  useful  purpose, 

ICould  it  be  procured  in  sutFicient  cpiantity  it  would  be  service- 

lie  to  the  calico-printers  !»y  striking  a  blue  upon  cloth,  which 

rould  in  all  probability  be  much  less  easily  altered  than  prus- 

blue,  at  present  applied  as  a  colour  on  cidicoes.     But  the 

It  scarcity  of  this  metid  renders  any  useful  application  of  it 

ery  unlikely.    The  metliod  of  dyeing  blue  by  means  of  motyb- 

enum  k  easy.     Apply  a  moriUnit  consisting  of  protoehloride 

of  tin  to  the  cloth,  and  then  pass  it  through  a  solution  contain- 

,  ing  molybdic  acid,  molybdatc  of  molybdenum  is  formed  by  the 

ction  of  the  tin,  and  at  the  same  time  fixed  upon  the  cloth. 

SECTION  XV, — OF  TUNGSTEN. 

Tliere  is  a  mineral  found  in  Sweden  of  an  opaque  white  mrtnry. 


•  BenscUus  ;  Kongl.  Vetensk.  AcaJ.  IlaDdl.  1825,  p*  314^ 
f  CrcU's  Aonols^  liL  368, 


5 


362 


SIMPLE  ACIDIFIABLE   BASES, 


OwpilL 


I 


colour  and  great  weight ;  from  which  last  circumstance  it  | 
the  name  of  iumfsten^  or  jmnderom  stone.  Some  miner 
considered  it  as  an  ore  of  tin>  others  supposed  that  itcotid 
iron,  Scheele  analyzed  it  in  1781,  and  found  thatitwasf 
posed  of  lime  and  a  peculiar  eiirthy-like  substance^  whkb  I 
called  from  its  properties  tungstic  acid,*^  Bergman  ocmji 
tured  tlxat  the  basis  of  tliis  acid  is  a  metal  :t  and  this  conjecnrre 
was  soon  after  fully  confirmed  by  the  experiments  of 
D'EUmyart,  who  obtained  the  same  substance  firam  a 
of  a  brownish-black  colour,  called  by  the  Germans  wolfram^ 
which  is  sometimes  found  in  tin  mines.  This  mineral  \kf 
found  to  contain  y^^^^j  of  tungstie  acid ;  the  rest  of  it  coakd 
of  manganese  and  iron.  This  add  substance  they  mbcedwU 
charcoal  powder,  and  heated  violenlly  in  a  crucible.  Oni 
ing  the  crucible  after  it  had  eooled,  they  found  in  it  a 
of  metal,  of  a  dark  broi^ii  colour,  which  crumbled  to  ] 
between  the  fingers.  On  viewdng  it  with  a  glass,  they  1 
it  to  consist  of  a  congeries  of  metallic  globules,  some  rfi 
were  as  large  as  a  pin -head.  The  metal  thus  obtained  isalif J 
tinu/sten.  The  manner  in  which  it  is  produced  is  eTJfal^l 
tungstic  acid  is  composed  of  oxygen  and  tungsten  ;  the  ixrpM 
combined  with  carbon,  and  left  the  metal  in  a  state  of  punt?!  I 
The  ex|3eriments  of  the  Elhnyarts  M^ere  repeated  in  ITJIi 
by  Vauquelin  and  Hecht,  in  general  with  success;  but  t^l 
were  unable  to  procure  tlie  metal  completely  fused,  tlK*ll 
this  had  been  accomplished  by  the  Spanish  chemists,  g  Xol 
this  to  be  wondered  at,  as  Dr.  Pearsonf  and  Mr.  Kbmd^l 
had  made  the  Siune  attempt  before  them  \Htbout  succeeAfl 
The  fusion  of  this  metal  has  been  also  accomplished  by  Metf  | 
Allen  and  Aitken  of  Ixmdon,  They  succeeded  bv  applji| 
strong  heat  to  the  combination  of  the  oxide  of  tujiesteii  > 
ammonia. ff  Since  that  time  a  set  of  experiments  on  tiinfiM| 
has  been  published  by  Bucholz^t  some  valuable  invest 
on  tlie  compositions  of  its  oxides  have  been  made  by  Ber 


st]g3aiii| 


Bel 


*  Scheele,  ii.  81,  f  Ibid.  ii.  91. 

f  Wolfram  had  been  analyzed  in  1761  by  Lehmaiin, 
compound  of  iron  and  tin.     8ee  his  Probierkunst,  p^  8, 

§  Mem.  Thoidoyse,  il.  14  L  This  memoir  has  been  translntedintol 

If  Jour,  de  Min.  No.  xix.  3,  %  Transl.  of  the  Chem.  No 

**  Observ.  on  the  Fossils  of  Cornwall,  p.  77. 
ff  Aiken's  Dictionary  of  Chemistry,  ti.  445. 

II  Schwergger's  Journal,  iii.  1  ;  and  Annals  of  PhUosophv  vL  Ifift 
S§  Ammis  ot  PhilQso\*bYJii.  244. 
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and  a  mo^t  tmportant  set  of  experimeota  on  its  oxide  and 
chlorides  has  been  published  by  Wiihler.* 

The  falloH-iiig  process,  for  which  we  are  indebted  to  M, 
Wiihler,  is  the  easiest  method  of  obtaining  tungsten  in  the 
raetallic  titate.t  Fuse  together  a  mixture  of  wolfram  imd  car- 
bonate of  potash  in  a  crucible.  Then  digest  the  fused  mass  in 
water  which  will  dissolve  the  tungstate  of  potasli  formed.  To 
thi?^  solution  add  a  quantity  of  solulion  of  sal  ammoiiiae  in 
water,  and  evaporate  the  whole  to  dryness.  Put  the  dry  saline 
residue  into  a  Hessian  crucible,  and  heat  till  the  std  animoniae 
ifi  entirely  decomposed  or  dissipated.  The  residual  matter 
being  now  dissolved  in  hot  water,  a  heavy  black  powder 
separates  which  is  oxide  of  tungsten.  Let  it  be  boiled  in  a 
weak  solution  of  potash  to  remove  a  small  quantity  of  bitung- 
state  of  potash  tiiat  it  may  contain,  and  finally  in  pure  water. 
When  this  powder  is  heated  in  an  open  crucible  it  takes  fire* 
and  is  converted  into  tiingstic  acid4  The  affinity  of  tungsten 
for  oxygen  not  being  very  strong,  it  b  easily  reduced  to  the 
metallic  state  by  passing  a  current  af  dry  hydrogen  g&&  over 
tUDgstic  acid  heated  to  redness  in  a  ghss  tube.  If  bitungstate 
of  potash  he  used  instead  of  tung^tic  acid  tlie  excess  of  acid  h 
easily  reduced  by  hydrogen,  and  when  tlie  neutral  salt  is  washed 
away  by  water  the  metallic  particles  remaining  have  more 
lustre  than  when  tungstic  acid  b  used. 

L  Tungsten,  called  by  some  of  the  German  chembts  schee* 
lumtj  and  by  Berzelius  u^/ramium,  h  of  a  grayish-wlute 
colour,  or  ratlier  like  tliat  of  steel,  and  has  a  good  deal  of  bril- 
liancy. It  is  one  of  the  Imrdest  of  the  metals  :  for  Vauquelin 
and  Hecht  could  scarcely  make  any  impression  upon  it  with  a 
file.  It  seems  also  to  be  brittle.  Its  specific  granty,  accord- 
ing to  tlie   U*Elliuyarts,  is    17*6;  according   to  Allen  and 
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•  Kon|:t  Vctensk.  Acad.  Hondl.  1624,  p.  lOL 

f  It  b  merely  a  modilication  of  Bucholz*s  process  for  obtaining  tungttic 
acidf  which  is  lu  follows :  Mix  t  part  of  wolfram  in  fine  powder  wiili  2  parts 
of  Mubvarbondte  of  potath  ;  keep  the  mixture  melted  in  a  crucible  for  an  hour, 
stirring  it  occafiionally.  Then  [>oiir  it  into  an  iron  cone.  Before  the  masd 
be  quilc  cold,  reduce  it  to  powder,  and  tjoil  water  on  it  repeatedly  till  the 
liquid  comes  o(f  tasteless.  Mix  all  the  watery  solutions  together,  and  pour 
muriatic  acid  into  them  as  long  as  any  precipitate  appears.  Wash  the  pre- 
cipitate ;  dissolve  it  in  boiling  carbonate  of  potash,  precipitate  it  again  by 
muriatic  acid,  wash  the  precipitate,  and  dry  it  upon  fUtefing  paper.  It  i» 
pure  tungatic  acid.     See  Jour,  dc  Chim.  iii.  22Q, 

X  KotigL  Veteask*  Acad  Handle  1624,  p.  99. 
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CM*.  ".  Aiken,  17'33.*  Bucholz  found  it  17*4>t  which  being  nearly 
a  mean  of  the  preceding  results,  may  be  taken  as  very  near  the 
truth.  It  is  therefore  tlie  heaviest  of  the  metals  after  gold, 
platinum,  and  iridium.  It  requires  for  fusion  a  yery  bigk 
temperature.  It  seems  to  have  the'property  of  crystalliiingai 
cooling,  like  all  the  other  metals ;  for  the  imperfect  battao 
procured  by  Vauquelin  and  Hecht  contained  a  g^reat  nmnber 
of  small  crystals.     It  is  not  attracted  by  the  magnet. 

>zidei.  II.  When  heated  in  an  open  vessel,  it  g^radually  9bsaA§ 

oxygen,  and  Ls  converted  into  an  oxide.  Tungsten  seeos 
capable  of  combining  \idth  two  different  proportions  of  oxyga. 
and  of  forming  two  different  oxides ;  the  brown  or  bladt^  uk 
the  yellow  or  ttmgstic  add. 

hown  oxide.  1.  Browu  oxide  of  tungsten  seems  to  have  been  observed  W 
Bucholz ;  but  its  nature  was  first  accurately  inyestigated  \rf 
Berzelius.  He  obtained  it  by  putting  a  quantity  of  tungsdr 
acid  in  a  ghiss  tube,  heating  it  to  a  very  low  red  heat,  anl 
passing  tliruugh  it  while  in  that  state  a  current  of  hydrogn 
gas.  Water  was  formed,  and  die  acid  deprived  of  a  portkarf 
its  oxygen.  The  oxide  formed  had  a  flea-broivn  colour,  m' 
when  heated  in  the  open  air  takes  fire  and  burns  like  tinder, 
and  is  converted  into  tungstic  acid.  The  process  of  WdUff 
given  at  the  beginning  of  this  section,  furnishes  this  (uddr 
also ;  but  the  colour  is  black  instead  of  brown,  owing  doubtless 
to  a  different  state  of  aggregation. 

When  obtained  by  the  action  of  hydrogen  gas  on  tangaif 
acid,  it  has  a  brown  colour  and  the  metallic  lustre,  and  if  tp 
employ  crystallized  tungstic  acid  (obtained  by  decomposie 
tungstate  of  ammonia  in  an  open  vessel)  it  has  a  cr}'stalliv 
texture.  It  has  then  a  good  deal  of  the  appearance  of  copper. 
If  dilute  muriatic  acid  be  poured  upon  tungstic  acid,  aaid  i 
plate  of  zinc  be  put  into  the  liquid,  the  oxide  of  tungsten  s 
deposited  in  beautiful  coi)per  red  flocks.  But  when  thus  pre- 
pared it  cjinnot  be  preserved ;  for  it  speedily  absorbs  oxyp^. 
and  is  converted  into  tungstic  acid.  The  oxide  prepared  kj 
the  dry  way  may  be  kept  without  alteration.  When  heated ii 
burns  like  tinder,  and  is  converted  into  tungstic  acid.  Wcihlef 
found  that  100  parts  of  the  black  oxide  when  thus  beatti 
absorb  8  parts  of  oxygen  during  the  conversion  into  tun^^i 
acid.  This  agrees  very  well  with  the  previous  experiments  ct 
♦  Aikcn*.s  Dictionary  of  Chemistry,  ii.  445. 
f  Annals  of  Philosophy,  vi-  205. 
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Ber^elius  on  the  hrown  oxide,  showing  that  the  difference  in  ^'^^v- 
cokmr  is  not  ow^iig  to  any  difference  in  constitution.  Now  it 
appean*  from  the  experiments  of  Berzelius,  that  100  parts  of 
tungsten,  when  converted  into  tungstic  acid,  iniite  witJi  from 
25-32  to  25*355  of  oxygen.*  It  is  easy  to  deduce  fr**ni  these 
two  sets  of  experiment^  that  the  two  oxides  of  tungsten  are 
composed  as  follows : 

Metal. 

Brown  oxide  of        .         .  100  +  16*04  oxygen 

Tungstic  acid  •         .  100  +  25'8;3 

Now  16-04  is  to  25-33  very  nearly  as  2  to  3.  The  probability  ^l^^^ 
from  this  is,  that  brown  oxide  of  tungsten  is  a  compound  of  1 
atom  metal  and  two  atijms  oxygen,  M'hile  tungstic  acid  contains 
3  atoms  oxygen.  This  would  make  the  atomic  weight  of 
tungsten  12-5  if  we  calculate  from  the  oxide,  and  11*848  if  we 
calculate  from  the  acid.  I  am  disposetl  to  consider  die  first 
number  as  the  correct  one,  and  to  make  the  atomic  weight  of 
tungsten  12"5. 

In  my  First  Principles  I  have  shown  tliat  a  tungstate  of  soda 
which  I  formed  by  boiling  tungstic  acid  in  a  solution  of  car- 
bonate of  soda,  till  it  refused  to  take  up  any  more^  was  a  com- 
pound of 

I  Tungstic  acid         •         ,         18*75 

^^^^-         Soda  ...  4 

^^^^p  6-75 


29-50 


The  soda  and  water  amounting  to  exact  atomic  proportions,  I 
wa**  led  to  consider  18*75  as  the  atomic  weight  of  tungstic  acid. 
But  Wtihler  has  since  proved  that  socia  is  capable  of  combin- 
ing with  an  excess  of  tungstic  acid.     This  destroys  the  legiti- 
maey  of  the  consequences  which  I  drew  from  my  analysis.     For 
may  probably  have  analyzed  a  sesquitungstate.     It  will  be 
fest   then,   till  a  greater  number  of  tungstates  have   been 
ibjected  to  analysis^  to  deduce  the  atomic  weight  of  this  body 
the  experiments  of  Berzelius,  though  it  is  evident  that 
these  experiments  are  not  perfectly  accurate. 

Wtihler  has  discovered  a  curious  compound  of  oxide  ^fj^J^J^J^Jf*** 
tungsten  and  soda,  which  would  desene  to  be  farther  investi- 
4  gated,  Hiii  method  was  to  fuse  tungstate  of  soda,  and  dissolve 
f  in  it  as  much  tungstic  acid  as  it  would  take  up.  Over  thb 
[  supersalt  heated  to  redness  in  a  glass  tube,  dry  hydrogen  gas 
B  «  Rongl.  Vet.  Acad.  Hand!.  1624.  p.  324. 
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chapi  II.    was  made  to  pass.     It  gpradually  assumed  the  oolonr  of  eoppo. 


After  washing  out  the  tungstate  of  soda,  the  new 
remains  crystallized  in  cubes,  and  having  a  fine  golden  odour 
and  the  metallic  lustre.  It  is  not  acted  on  by  water,  solpluiiv 
acid,  nitric  acid,  nor  aqua  regia,  nor  by  alkaline  sdotkoi 
Fluoric  acid  dissolves  it.  Oxygen  gas,  chlorine,  and  solplinv 
decompose  it  when  the  temperature  is  raised  pretty  la^ 
According  to  the  analysis  of  Wohler  it  is  composed  of 
Oxide  of  tungsten         •         .  87-6 

Soda  ....  12-4 

Now  this  corresponds  very  nearly  to 

2  atoms  oxide  of  tungsten         .  •  29 

1  atom  soda     .         •        .         .  •  4 

33 

It  would  appear  from  this  that  oxide  of  tungsten,  in  this  oos- 
pound,  acts  the  part  of  an  acid.* 
Huigiticacki.      2.  The  easiest  method  of  obtaining  tungstic  acad  is  to  expos 
the  black  oxide  of  Wohler  to  a  red  heat.     It  bums  like  tixxki} 
and  is  converted  into  tungstic  add. 

When  we  form  tungstic  acid  by  fusing  igrolfram  with  pottfL 
and  precipitating  the  tungstic  acid  from  the  tungstate  of  potail 
formed,  by  means  of  nitric  acid,  Bucholz  has  shown  that  ii 
is  never  free  from  potash  and  silica.  Berzelius  g^ves  the  fti- 
lowing  process  for  purifying  it :  Dissolve  the  impure  tun^ 
acid  in  hydrosulphuret  of  ammonia,  filter  the  solution,  and  idl 
nitric  acid  to  it.  A  dark  brown  precipitate  &lls,  consisting  ^t' 
sulphuret  of  tungsten.  Wash  it  with  water  holding  a  lit& 
nitric  acid,  as  it  is  slightly  soluble  in  pure  water.  Dry  it  atf! 
roast  it  in  a  gentle  heat.  Tungstic  acid  remains  of  a  psk 
lemon  yellow  colour. 

When  strongly  heated  it  becomes  green,  as  it  does  also  wha 
exposed  to  the  rays  of  the  sun.  Its  specific  gravity,  as  det>e> 
mined  by  Mr.  Harcpath,  is  5'274 ;  but  Berzelius  niakes  it » 
high  as  6*12.  It  is  tasteless,  insoluble  in  water;  but  vmt 
soluble  ill  the  caustic  alkalies.  Tungstic  acid  has  tlie  propeny 
of  combining  witli  other  acids.  When  precipitated  fri® 
tungstate  of  ammonia  by  an  acid,  the  precipitate  is  alwa» » 
compound  of  tungstic  acid  and  of  the  acid  employed  to  thrfsvi 
down.  Sulphuric  acid  forms  with  it  a  white  magma  insolubkia 
sulphuric  acid,  soluble  in  water,  but  again  precipitated  by  tf 

*  Kongl.  Vet.  Acad.  Handl.  1824,  p.  loa 
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add*     The  compound  of  tungstic  acid  and  nitric  acid  is  lemon 
yellow,  and  imperfectly  soluble  in  water.     The  compound  of 

this  JH'i*!  with  miiriatic  resembles  ite  compounfl  with  suljduiric. 
WMieii  tungstic  acid  is  partially  reduced  it  becomes  blue  like 
molybdie  acid.  This  happens  when  zinc  is  put  into  a  liquid 
containing  tungstic  acid,  or  when  tiuig^^tate  of  ammonia  is 
decomposed  by  distillation  in  a  retort.  In  this  last  case  an 
indigo  blue  powder  is  obtiiined,  which  Berzelius  assures  Ufi  is  a 
tungstate  of  tungsten  composed  of 

TungHtic  acid  .  ,  81 '1 

Oxide  of  tungsten  *         .  \S'9 


Tills  is  exactly 

4  atoms  tungstic  acid 
1  atom  tungstic  oxide 


100 


62 
14-5 


ae? 
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Tlie  iiowder  h  therefore  a  quatertungstate  of  tungsten. 
It  has  been  already  stated  that  tiuigstic  acid  is  a  compound  of 
1  atom  timgsten         •        *         1*2'5 
3  atoms  oxygen         •         •  3 


15*5 


8o  that  its  atomic  weight  is  15'iK 

HI.  The  chlorides  of  tungsten  have  been  investigated  by  < 
Wiihler,  wlio  has  shown  that  they  amount  to  three. 

1*  Bichloride  of  tungsten  b  obtained^  when  metallic  tung- Bichloride. 
steii  is  lieated  in  a  current  of  chlorine  gas.  It  takes  fire  and 
forms  a  cldoride  of  a  deep  red  colour,  which  sublimes  and  depo- 
sites  itself  in  the  form  of  fine  needles  interlaced  together.  It 
melts  at  a  low  heat,  and  is  converted  into  a  red  vapour  of  a 
much  deeper  colour  than  the  furaes  of  nitrons  acid.  Water 
decomposes  it  into  oxide  of  tungsten  and  muriatic  acid. 
Hence  it  in  evidently  a  compound  of 

2  atoms  chlorine  *         .  9 

1  atom  tungsten         .         ,         12-5 

21-5 

And  its  atomic  weight  is  21*6.  Caustic  potash  decomposes  it 
witlj  the  evolution  of  hydrogen  gas.  Ammonia  ako  dissolves 
with  the  evolution  of  a  little  gas.     Wlien  the  solution  is 
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chMp.  iL  heated,  brown  oxide  of  tungsten  is  deposited,  and  the  liqiud 
becomes  colourless. 
Terchioride.  2.  Tcrcliloridc  of  tungstcu  is  formed,  when  oxide  of  tung- 
sten is  heated  in  a  current  of  chlorine  gas.  The  oxide  takes 
fire,  leaves  a  residue  of  tungstic  acid,  and  the  chloride  sablinuf 
in  yellowish  white  plates,  resembling  native  boracic  aod. 
This  chloride  is  very  volatile,  and  rises  in  the  state  of  a  yel- 
low vapour  without  melting.  Its  smell  is  suffocating,  and  iriM 
exposed  to  the  air  it  absorbs  moisture,  and  is  resolved  into  mni- 
atic  acid  and  tungstic  acid.  Hence  its  constituents  must  be 
3  atoms  chlorine         .         .  13*6 

1  atom  tungsten         .         .  12*6 


26 

When  heated  on  platinum  foil  over  a  spiriit  lamp,  the  Tajwiir 
exhaled  is  decomposed  by  the  water  from  the  flame,  and  toss- 
stic  acid  appears  in  a  white  smoke,  like  flowers  of  zinc 

3.  Wiihler  obtained  a  third  chloride  by  heating  sulpbift 
of  tungsten  in  chlorine.  It  has  a  much  finer  red  colour  tkan  tk 
bichloride,  and  forms  long  transparent  needles.  Whenhesti' 
it  gives  out  a  vapour  having  the  colour  of  nitrons  acid.  \^la 
exposed  to  the  air,  it  is  rapidly  changed  into  muriatic  addav 
tungstic  acid.  In  ii-ater  it  swells  up,  heat  is  g^ven  out,  andk 
is  instsintly  converted  \idth  a  hissing  noise  into  muriatic  ifii 
tungstic  acids.  Tlie  difference  between  the  compositioB  «s' 
this  chloride  and  the  preceding  has  not  been  ascertained* 

IV.  Nothing  is  known  respecting  the  borides  and  iafite 
of  tungsten ;  nor  do  wo  know  whether  it  combines  with  IvA*- 
gen,  azote,  carbon,  boron,  or  silicon. 

V.  Pelletior  ascertained  that  tungsten  combines  with  pifl^ 
phorus ;  but  the  j)ropertics  of  the  phosphuret  were  not  efl- 
miiied.f 

suiphuret.  ^^I-  Tungsten  combines  with  two  proportions  of  sulph' 
forming  compounds  antilogous  to  the  oxide  and  acid  of  tungstti 
1.  Bisulpliiiret  of  tungsten  was  obtained  by  Berzelius.  H^ 
obtained  it  by  mixing  tungstic  acid  with  four  times  its  weld- 
of  sulplniret  of  mercury,  putting  the  mixture  into  a  crucibif- 
covering  its  surface  with  charcoal  powder,  and  exposin?itfr 
half  an  hour  to  a  violent  heat.  It  may  be  obtained  abo  '^ 
passing  a  current  of  sulphuretted  hydrogen  gas  over  tuiigsi 

*  Kongl.  Vetcns.  Acad.  Hand.  1824,  p.  log. 
t  Ann.  de  Chiin.  xiii.  137. 
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acid  heated  to  whiteness  in  a  porcelain  tube.     Bisiilphiiret  of  ^•'^  ^^- 
tungsten  thus  formed  is  a  grayish  black  powder,  which  when 
rubbed  upon  a  polished  lieraatite  assumes  a  beautiful  metallic 
lustre.     Berzelius'  found  it  a  compound  of 
Tungsten         ,         ,  100 

Sulphur  .         .  33-26 

Thus  It  contains  twice  as  much  sulphur  as  the  brown  oxide 
does  oxygen.  It  is  therefore  a  compound  of  1  atom  tmigsteii 
+  2  atoms  sulphur, 

2.  Tersulphurct  of  tungsten  is  obtained  by  dissolving  tung-  Tpj»uip«iurpi, 
Stic  acid  in  a  hydrosulphuret,  and  precipitating  the  solution  by 
ao  acid  added  in  excess,  washing  and  then  drying  the  precipi- 
tate, It^  colour  is  liver  brown,  but  it  becomes  black  in  drying. 
It  is  84>luble  in  water,  and  boiling  water  Uiken  it  up  in  con  si  d- 
enible  quantity,  and  asHumcs  a  yellowish  brown  colour,  Sal 
ammoniac  thrown  down  the  greatest  part  of  it,  but  not  the 
whole.  When  the  aqueous  solution  is  much  concentrated  by 
evaporation,  it  fie  posit  es  the  tersulphurct  in  the  state  of  a 
sparent  yellow  raatterj  which,  by  drying,  is  converted  into 

powder  less  soluble  in  xi'uter  than  formerly.  When  boiled 
with  water  in  a  retort,  a  smaU  quantity  of  sulphnretted  liy- 
drogen  is  given  out,  owing  probably  to  the  acidification  of  a 
little  of  the  tungsten.  When  heated  it  gives  out  a  little  water 
and  sulphuretted  hydrogen,  then  sulphur  sublimes  and  blsui- 
phuret  remfdns.  It  dissolves  slowly  in  ammonia  and  the 
CWHiie  fixed  alkalies.  The  alkaline  carbonates  dissolve  it 
, -without  heat,  aHsume  a  brown  colour,  and  are  converted  into 
'Ucarbonates.  According  to  the  analysis  of  Berzelius,  to  whom 
we  are  indebted  for  our  knowledge  of  this  sulphuret)  it  is  a 
compound  of 

3  atoms  sulphur  .         *  0 

1  atom  tungsten         ,         .         12*5 


\ 


I 


18-5 
VII,  We  know  uotliing  of  the  combinations  which  tungsten 
y  be  capable  of  forming  with  selenium,  arsenic,  telluriuin, 
chromium,  and  molybdenum.  100  grains  of  tungsten  were 
heated  with  50  grains  of  antimony  by  the  EUmyarts;  the 
button  was  of  a  dark  brown  colour,  shluing,  something  spongy, 
karih,  and  broke  in  pieces  eai»ily  :  it  weighed  108  grains.  This 
an  alloy  of 

•  AnnaLs  of  Philosophy,  Hi.  245. 
2  B 
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*^*p"^  8  atoms  tungsten         ,         .  100 

1  atom  aiitiinuiiy         .         ,  8 


108 

According  to  the  trials  of  M.  C  G-  Gmeliri,  tungsten,  even 
when  in  the  state  of  an  acid,  has  no  injurious  effect  on  the 
animal  economy^  when  taken  internal ly* 

SECTION  XV K — OF  COLUI^rBIUM* 

History.  In  the  year   ISO!,  while   Mr.  Hatchett  was  engaged  in 

armnging  some  minerals  in  the  British  Mnseum,  a  (krk- 
coloured  heavy  substance  attracted  his  attention,  on  acconiit 
of  some  resemblance  which  it  bore  to  chronmte  of  iron,  Tlie 
specimen  was  small  It  was  described  in  Sir  Hans  Sloane*s 
catalogue  as  "  a  very  heavy  black  stone  with  golden  streaks;" 
and  it  appears  that  it  was  sent,  along  with  various  specimens 
of  iron  ores,  to  Sir  Hans  Sloane  by  Mr.  Winthrop  of  Massji-* 
cliiisettii.  Its  colour  was  a  dark  l>rown  gniy ;  its  longitudinal 
fracture  imperfectly  lamellated,  and  its  cross  fracture  showed  8 
fine  grain.  Its  lustre  was  glassy,  and  in  some  parts  slightly 
metallic.  It  was  moderately  hard,  but  very  brittle.  By  tri*- 
turation  it  yielded  a  powder  of  a  diirk  chocolate  browuj  not 
attracted  by  the  magnet.  Its  specific  gravity  at  the  tempera* 
tiirc  of  65"^,  was  5*918. 

By  an  ingenious  analysis  of  this  mineral,  Sir.  Hatehett 
ascertained  that  it  was  composed  of  1  part  of  oxide  of  iroiif 
and  mther  more  than  3  parts  of  a  white  coloured  substance 
which  possessed  the  properties  of  an  acid,  and  exhibited  un- 
doubted proofs  of  being  composed  of  oxygen  united  to  a 
metallic  basis.  Mr.  Hatehett  demonstnited,  that  it  differs  from 
all  the  metallic  acids  hitherto  examined;  of  course  its  metallic 
basis  must  be  also  peculiar,  and  required  a  distinct  name* 
Accordingly  he  gave  it  the  name  of  colmnhimn. 

Soon  after  Mr.  Hatchctt*s  discovery  a  metaUic  substance 
was  detectetl  in  Sweden  by  Mr.  Ekeberg,  differing  from  every 
other  with  which  he  was  acquainted.  To  this  metal  he  gave  the 
name  of  lanialum^  and  to  tlie  minerals  from  which  he  obtained 
it  the  namesof  to/foAYf  and  f/firofaifiafiif,*  In  the  year  \&}% 
Dr.  Wollaston  procured  specimens  of  the  Swedish  mineralSf 
and  by  a  careful  comparison  of  the  new  oxide  which  it  con- 
tained with  the  new  oxide  in  the  mineral  in  the  British  Mu- 
seum, analyzed  by  Mr.  Hatehett,  he  demonstrated  tliat  rt)/w«- 

*  Vcteosoips  Acudemiens  HaDdtli^gar,  1802^  p,  268* 
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bium  and  tantalum  are  one  and  tlie  same  subs  tan  eo.*  In  tlie  ***^  ^^^ 
year  1815,  Assessor  Galin  of  Ribluii  and  Professor  Berzelius 
discovered  various  new  minerals  in  the  neiglibourhood  of 
Fahluri,  eontaiiiint^  taiitalinn*  Berzeliiis  analyzed  tliese  mine- 
rals, and  attempted  to  reduce  the  oxide  to  the  metallic  state  by 
beating  it  violently  in  a  cbarcoal  crucible.  The  matter  which 
he  i^ot  was  gray  and  agglutinated  tOfj;etherj  and  did  not  con- 
duct electricity.!  ^^^  ^^^^^  ^^  <*t  firist  for  metallic  columbium; 
but  found  afterwarcLs  that  it  was  only  t!ie  oxide  of  that  metal. 
He  resumed  his  labours  in  1824,  tuui  succeeded  in  obtaining 
columbium  in  the  metallic  state.J 

Perliaps  the  simplest  method  of  extracting  the  oxide  of 
columt)ium  or  columhic  acid  from  the  mineral  called  iantiiHte 
U  the  metliott  employed  by  Dr,  WoUaston,  which  is  as  fol- 
lows :  Mix  together  I  part  of  tantalite  with  5  parts  of  carbon- 
ate of  pota>ih  and  *2  parts  of  liorax,  and  fuse  the  mixture  in  a 
platinum  crucible.  Soften  the  fused  mass  witli  water,  and 
then  digest  it  in  muriatic  acid*  The  iron  and  manganese 
which  existed  in  the  mineral  coml>ined  with  the  oxide  of  tan- 
talum are  dissolved,  and  nothing  remains  but  the  columbiimi 
in  the  &tate  of  a  white  powtler.§ 

To  obtiiln  columl>inm  from  this  acid  Bencelius  dissolved  it  in 
fluoric  acid,  and  formed  what  he  considered  as  a  fluoeolumbic 
acid.  Thb  acid  was  saturated  with  pt*tash,  and  the  solution 
evaporated  to  dryness.  The  dry  salt  frt-ed  from  water  was 
treated  with  potassium  in  the  way  formerly  described  as  prac- 
tiised  by  him  to  obtain  silicon.  The  columluam  is  reduced  at 
an  incipient  red  heat,  with  tlie  evolution  of  light.  Water 
removes  the  fluale  of  potash,  and  leaves  the  columbium  in  a 
state  of  purity, 

Columbium  thus  obtained  is  a  black  powder,  which  carmot  PropertJf^ 
be  fused  though  exposed  to  a  very  high  temperature^     Under 
the  burnisher  it  assumes  the  melallic  lustre,  and  an  iron  gray 
colour.     It  does  not  conduct  electricity.     This  led  Berzeliua 

•  Phil,  TranB.  1809,  p.  246. 
f  Afhandlmgfir,  iv.  2  J2,  262. 
I  Konn:*  Veten»k.  Acad.  Hundl.  1824,  p.  282. 

§   BerzeHus  found  inugxtcn  in  some  of  i\w  tantalitea  fmra  the  neighbrtur- 
l  of  Fahlun^  which  he  examined,  and  he  stait^n  in  a  letter  to  me,  (Annals 
'  Philosophy,  iv.  467,)  that  Kkcberg  found  the  eoluinbic  add  of  Hatchett, 
irhlch  he  cxamint'd,  a  mixture  of  oxides  of  tantalum  and  tiingsten.     But  I 
iibt  the  acctiracy  of  this  stutenient,  because   Dr.  Wothviiton  found   no 
in  columbitej  nor  could  he  detect  any,  though  he  made  a  n(?w 
;  my  request  after  receiving  Berzcliug^s  letter* 
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ProtonUlc* 


to  examine  the  yellow  crust  wliieli  covers  tlie  agglutinated 
matter  obtained  when  coluinbic  acid  is  violently  heated  in 
charcoal.  He  found  it  to  conduct  electricity  perfectly,  and 
therefore  concluded  that  it  was  metallic  columhinm.  The 
colour  of  this  metal  then  is  wiiitej  with  a  shade  of  yellow- 

Cohimbium  is  not  altered  by  exposure  to  the  air.  When 
heated  it  takes  fire  consideni!>ly  under  a  red  heat,  glows 
vividly,  bnt  without  Utime,  and  is  cunverted  into  columbie  acid. 
Sulphuric,  nitric,  and  muriatic  aciils,  and  even  aqua  reg^ia,  have 
very  little  action  on  it.  Fluoric  acid  dissolves  it  with  the  dis- 
engagement of  hydrogen  gas,  and  the  evolution  of  heat.  Tlie 
solution  takes  place  still  more  rapidly  in  a  mistnre  of  fluoric 
and  nitric  acids.  Caustic  potash  docs  not  act  upon  it  in  the 
humid  way;  but  when  fuse*!  with  it  the  metal  is  oxidized. 

11.  From  the  experiments  of  Berzelius,  it  appears  that 
columbium  combines  with  two  proportions  of  oxygen,  forming 
an  oxide  and  an  acid. 

L  Oxide  of  columbium  may  be  obtained  by  putting  colum- 
bie acid  into  a  charcoal  crucible,  and  exposing  it  for  an  hour 
and  a  half  to  the  heat  of  a  forge.  The  matter  is  much  reduced 
in  bulk,  is  aggbitinated  together  into  a  gray  porous  mass,  the 
specific  gravity  of  which,  as  determined  by  I)n  Wollaston,  is 
6'61.  Under  the  burnisher  it  iissumes  somewhat  of  the  me- 
tallic lustre.  It  is  easily  triturated  into  a  brown  coh:)ured 
powder.  Its  particles  are  liurd  enough  to  scratch  glass.  It  is 
not  acted  upon  by  any  acid  ;  but  when  fused  with  caustic  potash 
it  is  converted  into  columbie  acid,  which  unites  with  the  potash. 
It  detonates  with  nitre.  It  exists  native  in  a  peculiar  species  of 
eolumbite  at  Kimito  in  Finland,  which  has  a  specific  gravity  of 
7*9,  and  gives,  when  tritunited,  a  cinnamon  brown  colour. 

Berzelius  found  that  when  this  oxide  of  columbium  was 
converted  into  columbie  acid,  100  parts  of  it  absorbed  in  dif- 
ferent experiments  ^'5^  4,  and  4-2  parts  of  oxygen.  The  mean 
of  which  Ls  3^9  oxygen.  But  by  an  analysis  of  sulphuret  of 
columbium,  he  showed  that  100  parts  of  it,  when  converted  into 
columldc  acid,  became  89*57  parts.  Now,  if  we  consider  the 
sulphuret  to  contain  as  many  atoms  of  sulphur  as  columI>ic  acid 
does  of  oxygen,  (and  from  the  ^^y  in  which  il  wiis  formed,  this 
must  be  the  case,)  then,  as  the  atom  of  sulphur  is  just  double  that 
of  oxygen,  it  is  clear  that  10*4;^,  the  ditTcrence  bet^'een  the  weight 
of  tlie  sulphuret  and  acid,  must  be  equal  to  the  quantity  of  oxy- 
gen in  89*57  parts  of  columbie  acid.  Hence  100  columbie  actd 
must  contain  1 1*64  parts  of  oxygen,  or  it  must  be  a  compoimd  of 


Coluinbium         .         .         100  ««5txvi. 

Oxygen  .  •  13.17 

Now  as  100  oxifle  of  colunibiura  becomes  103*9  when  eon- 
verted  into  colunil>ic  acid,  it  is  clear  that  it  must  contain  8*  19 
parts  of  oxygen,  and  consequently  oxide  of  colurabiiim  must 
be  a  compound  of 

Columbium         .         .  100 

Oxygen  •         .  8-81 

Now  tlie  numbers  8'Bl  and  13*17  are  to  each  other  nearly  as 
2  to  3.  It  is  obvious  from  this^  tbat  oxide  of  eohimbium  must 
be  a  comiJound  of  1  atom  cohunbium  and  2  atoms  oxygen^ 
while  columbic  acid  consLsts  of  an  atom  of  columbium  united 
to  3  atoms  oxygen,* 

The  numbers  8-81  and  13-17  not  being  exactly  in  the  ratio 
of  2  to  3»  it  is  evident  that  the  experiments  are  not  quite  accu» 
rate.  The  safest  mode  of  proceeding  will  be  to  adopt  13' 17 
fiB  probably  tbe  most  correct:  dividing  this  sum  by  3,  the 
quotient  is  very  nearly  4'39,  which  gives  us  the  weight  of  an 
atom  of  oxygen,  that  of  columliimn  being  100.  Divi<b"ng  100 
by  4*39,  we  ohtiiin  2'2-77  for  tlie  atomic  weiglit  of  cohimlnum. 
Ah  the  €L\ide  of  columbinm  employed  by  Berzclius  does  not 
|.«eera  to  have  been  perfectly  pure  (tor  he  consitlered  it  as  having 
antained  a  little  manganese),  we  can  have  no  hesitation  in 
making  the  atomic  wciglit  of  columbitmi  22'75.  Consequently 
that  of  oxide  of  columbium  will  be  *24-75. 

2.  Columbic  acid  may  be  olitiiined  by  the  process  described  ^J*"'*^'' 
the  beginning  of  this  section,  or  we  may  employ  the  more 
aborate  process  of  Berzelius,  which  is  as  follows :  Reduce 
liV^  to  an  exceedingly  fine  powder,  and  mixing  it  with  8 
lime^  ir.s  weight  of  dry  bisulphato  of  [jotasli,  heat  it  to  rethjesa 
in  a  pUitinnm  crncibh%  and  eontinue  the  heat  till  it  flows  quite 
liquid^  and  till  all  the  powder  of  tantalite  has  disappeared. 
Then  reduce  it  to  powder,  and  boll  it  with  water  till  that 
liquid  refuses  to  take  up  any  tfung  more.  The  sulphuric  acid 
in  excess  in  the  hisulphate  dissolves  the  oxides  of  iron  and 
maiigane<^e  of  the  tantalite,  which  solutions  are  carried  off  by 
the  water,  while  the  columbic  acid  is  left  behind  in  the  state  of 
a  white  powder.  Bat  it  is  not  quite  pure;  for  it  retains  a 
portion  of  peroxide  of  iron,  sometimes  peroxide  of  tin,  and 
even  tungstic  acid  is  occasionally  present  iri  it»  To  }>urify  it 
from  these  foreign  bodies,  it  must  be  digested  in  hydrosnl- 


Atomio 
weight 


•  KoOgL  VeteQsk*  Acud.  HaadL  I824v  p.  280, 
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chaik.lL     jyhurefc  of  ammonia,  which  dissolves  the  peroxide  of  tin  and 
^  die  tuntrstie  aciil,  and  converts  tlie  iron  into  sulphurct,  wliile  at 
the  same  time  the  cot  limbic  acid  becomes  green  or  black.  Wash 
it  with  water  containing  a  little  hydrosnlphuret  of  ammonia  to 
prevent  the  iron  from  being  oxidized.    Then  boil  it  in  concen- 
trated nniriatic  acid  till  it  becomes  qnite  white.  The  iron  is  dis- 
solvedj  and  the  coliimbic  acid  remains  behimi  in  a  state  of  pnrity* 
Colnmbic  aciil  thus  prepared  is  a  white  ta-steless  powder, 
which  reddens  litmus  paper.    When  heated  it  gives  out  water, 
and  when  anhydrous  no  longer  acts  upon  litmus  paper.     Its 
specific  gravity,  according  to  Berzeiius,  is  6*5-    The  hydrated 
acidj  according  to  Berzeiius,  is  a  compound  of 
1  atom  acitl  .         ,         25-75 

3  atoms  water         ,         .  3  375 


28-1*25 
By  allowing  colnmbic  acid  to  dry  iii  the  open  air  on  the  filter^ 
I  obtiiined  a  hydrate  composed  of 

1  atom  acid  .         ,         25*75 

11  atoms  water  ,         .         12-375 


37-125 
Colnmbic  acid  is  soluble  by  fusion  in  bisulphate  of  potash ; 
but  it  precipitates  when  the  sjdt  is  digested  in  water.     It  dts- 
solves  in  an  aqueous  solution  of  qoadroxalate  of  potash.     The 
solution  is  colourless,  and  the  alkalies  throw  down  the  colnmbic 
acid*     This  solution  enables  us  easily  to  determine  whether 
the   columbic  acid   contains   tungstic  acid.      If  it  does,    the 
satnnited  solution  gelatinizes  on  cooling,  and  when  a  piece  of 
ziiic  or  tin  is  put  into  it,  the  colour  becomes  blue.     1  found  it  ! 
to  dissolve  in  sulphuric  and  muriatic  acids  only  in  a  minute  i 
pro])ortion.     Tliis  was  tlie  ciisc  also  Mith  oxidic  and  tartaric 
acids.     It  has  not  the  property  of  saturating  these  bodies,  or 
of  uniting  with  them   in  definite  proportions.     After  being  | 
exposed  to  a  red  heat,  it  is  quite  insoluble  both  in  alkalies  and  . 
acids,  and  to  recover  its  solubility  we  must  fuse  it  with  caustic  J 
potitsh,  or  with  bisulphate  of  potash. 

From  tlie  experiments  of  Berzeiius,  relatcfl  in  a  preceding] 
part  of  this  sectioUj  this  acid  appears  to  confain  three  atoms  of] 
oxygen,  and  its  atomic  weight  is  obviously  25' 75. 

I  found  tliat  eolnm!>ic  acid  combines  with  soda,  and  forms  a] 
beautiful  sidt,  crystallized  in  fine  silky  scales,  like  borncie  aci<L  j 
This  salt  rendered  cudbear  paper  purple,  and  therefore  acted 
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an  alkali.    But  this  property  was  not  removed  by  digesting   '^<«*  ^vl 
in  alcotioL     I  fouiitl  tlie  composition  of  tliis  salt  to  be  ^ 

Cohunlne  acid         .         .         Id  | 

Soda  •         •  4 

Water  ,         .         11-25  i 


34-25  • 
I  €on eluded  from  this  analysis  that  the  atomic  weig-lit  of  co- 
lumbic  acid  is  10.  The  only  objection  that  can  be  made  to 
this  conclui^ion  is,  tliat  my  salt  might  have  contained  an  excess 
of  soda.  For  on  the  supposition  that  the  atomic  weight  of 
columhic  acid  is  25*75,  then  my  salt  would  liav^e  been  a  com- 
pound of 

1    atom  cohimbic  acid         .         .         25*75 

1  j  iitom  soda  .         .  5  "33 

14    atoms  water  •         .         15*75 


Iti 

Hbmoi 


46*a*) 

It  would  be  necessary  to  clear  up  this  point  by  analyzing  some 

ore  of  the  sjilts  of  columhic  acid  before  we  could  venture  to 

lake  use  of  19  as  the  true  atom  of  columbic  acid.     But  the 

rcity  of  this  rare  substtince  j>ut^  it  out  of  our  power  to  make 

the  retjoLsite  researches  on  it.     1  am  mther  inclined  to  adopt 

the  number   19.     My  analysis,  however,  was  made  upon  too 

small  a  scale  for  very  great  accuracy,  though  1  expended  on  it 

all  the  columbic  acid  which  was  in  my  possession. 

III.  When  columbium  is  heated  in  chlorine  gas,  it  t*dces  chioridcv 
fire  iuid  liurns  brjiliautly,  and  is  converted  into  a  vapour  resem- 
bling chlorine.  Tills  vapour  coiulenses  on  the  colder  parts 
of  tlie  appanitiis  into  a  white  matter  with  a  slight  shatle  of 
yellow,  resembling  meal  in  appeanmce.  When  moistened 
witli  water  a  hissing  noise  is  produced,  ami  heat  evolved,  while 
at  the  same  time  the  chloride  ls  converted  into  muriatic  and 
columbic  acid.  It  is  obvious  from  this  that  tlie  compound  is  a 
lerehloride,  composed  of 

3  atoms  chlorine  »        .  13.5 

1  atom  columbium         ,         ,         22*75 

^H  36*25t 

^^B  IV.  No  attempts  have  been  made  to  obtain  the  bromide  or 

P^^odide  of  colunihium. 


♦  First  Principles^  ii*  78» 

+  Kougl.  Veteask.  Acad.  Hand!.  1824,  p.  2&S. 
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ch*j>.  tl. 


Sulphujct. 


V.  Hydrated  columbic  add  dissolves  readily  in  fluoric 
When  the  solution  is  concentrated  by  keeping  it  in  ciitf 
perature  of  86°,  crystals  are  formed  iu  it.  These  dU^lTf 
waterj  and  are  considered  by  Berzelius,  >vha  obtained  them,  ai 
a  combination  of  fluoric  and  eoluinbie  acid-  On  that  aowuW 
he  has  given  them  the  name  of  hydrofluocoiutfibic  acid.  Tiff 
effloresce  in  the  air,  and  then  lose  their  property  of  ili^riDf 
in  water.  When  the  aqueous  solution  is  evaporated  toibr* 
nes8  in  a  gentle  heat,  a  matter  like  white  enamel  is  ubtDM^ 
quite  the  Hame  as  the  effloresced  crystals.  Berxeltos  ttatUm 
tills  as  a  fluoride  of  coUnnbitim,  In  the  present  state  rf« 
knowledge  this  can  only  be  looked  upon  in  the  light  rfi 
conjecture.  The  hydrofluocolumbie  acid  unites  withba&eu' 
forms  a  class  of  salts,  a  fi^w  of  which  liave  been  examined 

VL  We  are  uuaequalnted  with  tlie  compouniis  which 
bluni  may  be  capable  of  forming  mth  by<lrogen,  azote,  cx^ 
boron,  silicon,  and  phosphorus, 

VII,  Sulphuret  of  columbium  was  first  obtained  by  5L1 
Rose*  He  procured  it  by  heating  eohimbic  acid  to  whiteFi 
and  passing  over  it  a  current  of  the  vapour  of  bisulphartti 
carbon.  The  carbon  is  converted  ijito  carbonic  oxide  by  mM 
with  the  oxygen  of  the  columbic  acid  :  a  portion  of  the  silrfff 
is  se|iarated,  and  the  rest  unites  with  the  columhimn*  ¥?ta 
the  bisulphuret  of  carbon  issues  undecomposed  from  ibe  itks 
extremity  of  the  tube,  it  Is  a  proof  that  all  the  columbicflcili 
converted  into  sulphuret.*  The  apparatus  is  then  mUowedi 
cool  without  admitting  air  to  the  sulphuret. 

This  sulphuret  has  a  gray  colour  and  a  pulverulent  ii» 
It  has  the  metallic  lustre  and  a  crystalline  appearance,  bifiif 
a  very  considerable  resemblance  to  plumbag-o.  It  feeb  ^ 
and  is  a  conductor  of  electricit}^  When  heated  to  iadji^ 
redness  it  takes  fire,  the  sulphur  burns  wnth  a  blue  flaaie  ^ 
columbic  acid  remains  behind  united  to  a  small  qamttlf^ 
sulphuric  acid*  When  exposed  for  a  long  time  to  the  ari* 
of  chlorine  g^is  it  becomes  liot,  and  unites  Mt^ith  the  iMac- 
This  combination  is  hastened  by  tlie  application  of  ^ 
Chlorides  of  sulphur  and  columbium  are  formed.  This  sulfA*" 
ret  is  not  acted  on  by  nitric,  sulphuric,  muriatic,  nor  flfl*^ 
acids.  Aqua  regia  decomposes  it  at  a  boiling  heat,  disntfiif 
sulphuric  acid  and  a  small  quantity  of  columbic  It  isdiaBoh«< 
ako  by  a  mixture  of  nitric  and  fluoric  acids.  It  is  aoliclei* 
by  an  aqueous  solution  of  caustic  potas^h.      But  when  hs^ 
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With  that  alkali,  an  orange  coloured  mass  is  obtained.  In  water  sod  xvn. 
this  matter  dissolves,  leaving"  sulphuret  of  columbinm  in  the 
state  of  a  black  powder,*  This  sulphuret  has  not  been  analysed, 
but  from  the  phenomena  attending-  its  composition  there  can 
be  little  doubt  that  it  is  a  tersulphuret  corresponding  to  colum- 
btc  acid ;  or  a  compound  of 

3  atoms  sulphur  .         .  6 

1  atom  columbium         •         •         22*75 


2875 

VII L  We  are  still  ignorant  of  the  compounds  which  colum- 
bium may  be  capable  of  formint^  with  selenium^  tellurium, 
aFbenic,  antimony,  chromium,  molybdenum,  and  tungsten. 

As  it  always  occurs  native  united  to  iron  and  mangnnese,  it 
is  obviouis  that  it  must  have  a  strong  affinity  for  these  metals. 
Accordingly,  when  these  compoiHuls  are  heated  with  charcoal 
the  metals  are  reduced,  and  a  triple  alloy  of  columbium,  iron, 
and  manganese,  obtained.  When  this  alloy  is  digested  in 
muriatic  acid,  the  iron  and  mangiinese  arc  dis^solved,  and  the 
columbium  remains.  This  method  might  be  employed  for 
obtained  metallic  columbium. 

SECTION  XV U. OF  TITANIUM, 

In  the  valley  of  Menachan,  in  Cornwall,  there  is  found  a  iiiitory, 
black  ssmd^  bearing  a  strong  resemblance  to  gunpowder.  It 
WSLS  examined  in  1791  by  Mr,  Gregor,  who  fouiul  it  composed 
almost  entirely  of  iron  and  the  oxide  of  a  new  meUil,  to  which 
he  gave  the  name  of  mejtarhini\'f  He  attempted  in  vain  to 
reduce  this  oxide  to  tlie  metallic  state ;  but  his  experiments  were 
sufficient  to  demonstrate  the  metallic  nature  of  the  8ubstance, 
and  to  show  that  it  containefl  a  metal  till  then  absolutely 
unknown.  This  curi<nis  and  ingenious  analysis  seems  to  have 
excited  but  little  attention,  since  nobody  thought  of  repeating 
it,  or  of  verifying  the  conclusions  of  Mr.  Gregor. 

But  in  1795  Klaproth  published  the  analysis  t>f  a  brownish- 
red  minendj  known  to  mineralogists  by  the  name  of  red  ahorL 
He  found  it  entirely  composed  of  tlie  oxide  of  a  peculiar  metal, 
to  which  he  gave  the  name  of  fi^tanimiLX  He  failed  indeed  in 
his  attempts  to  reduce  tliis  oxide ;  but  his  experiments  left  no 
doubt  of  its  metallic  nature.  On  examining  in  1797  tlie  black 
mineral  analyzed  by  Mr,  Gregor,  he  found  it  a  compound  of 

•  KongU  Vet.  Acad.  Handl.  1824',  p,  287. 

t  Jour,  dc  Phyg.  suudx.  72,  and  1^2.  |  Bdtrage,  i,  233. 
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ctmpAt    the  oxides  of  iron  and  titanium.^      Consequently  the 

of  Mr.  Greg^or  wa^s  accurate^  and  his  menachint  is  the 
with  titaninm^  of  which  lie  was  undoubtedly  the  original 
coverer.  The  tenn  titanium  has  been  preferred  by  d 
on  account  of  the  greiit  eelel>rity  and  authority  of  the  illi 
philosopher  who  inijiosed  it,  Klaproth's  experimeats  ¥0« 
repeated,  confirmed,  and  extended  by  Vauquelin  andHtHJkli 
1796,  who  succeeded  in  reducing  a  very  minute  portion  of  it 
oxide  of  titanium  to  the  metallic  state-f  'Fliey  were  repolil 
also  and  confirmed  by  Lo^vitz  of  Petersburgh  in  1 798.J  Vm^ 
padius  made  a  set  of  experiments  on  it  in  1803^^  and  a 
set  of  experiments  on  it,  by  Langier,  w^as  published  in  Uli 
More  lately  numerous  important  experiments  upon  itSi 
nations  have  been  made  by  M.  H,  Rose  *%  its  chloi 
been  examined  by  Mr.  George*  •  and  M,  £>uma2$  :ff  aoj 
Wollaston  ha8  described  the  properties  of  titanium  in  tir] 
metallic  statc^J 

Metallic  titajiium  crystallized  in  small  cubes  is  ohserrd' 
Bionally  in  the  slag  of  tlie  hearth,  in  the  great  iron 
furnaces.  Specimens  of  these  crystals  were  examined  by 
Wollaston  from  Martliyr  Tyd\al  in  1822,  and  found  by  Ui* 
be  titiunum.  They  have  been  observed  in  various  oclicri^ 
naces  of  this  country,  I  have  seen  specimens  of  them  ta 
Muirkirk.  Mr.  George  obtained  them  from  Low  Moorlj* 
works,  near  Bradford  in  Yorkshire,  Dr,  Wollaston  mtv^^ 
also  the  Pidding  Iron-works  near  Alfreton  in  Derbyi^biR* «i 
PotUypool  in  Monmouth.  They  have  been  seen  ako  in*'' 
Clyde  Iron-works,  but  not  for  many  years,  Walchner  ola8nJ| 
them  in  the  Iron- works  in  Baden, §§ and  doubtless  they  hareM I 
found  in  other  places.  The  metal  may  be  obtained  ^\ 
mixing  titanic  acid  with  charcoal  powder,  putting  the 
into  a  Hessian  cnicil>le,  covering  it  with  pounded  glitas^andiiil 
exposing  the  crucible,  well  covered,  to  the  most  violent  W 
that  can  be  raised.  But  this  process  is  diflScidt,  andsuccc^ 
only  imperfectly  with  Laugier,  while  it  has  failed  in  the 
of  every  other  person. 

♦  Beitraire,  ii.  2^6.  f  Joiir.  de  Min,  No.  xv.  ta 

%  Crcir«  Annals,  1799,  L  183.      §  Nicholson's  Journal,  vL  6?. 
If  Ann.  de  Chim.  Ixxxix,  mm. 

i;KongL  Vet.  Acud.  Hundl.  1821,  p*  23l«     PoggendorTs  ikani 
Phyaik.  iii,  163,  xil  479,  ami  xv.  145. 
••  Annuls  of  Philosophy  (3tJ  series),  ix,  18, 
ft  At] II.  de  Chim.  et  tie  Pliys.  xxxiiL  380. 
H  Phil.  Tram,  1823,  pp.  17,  44)0»     S§  Schweigger^s  Jahrbiidi»  li  ^ 
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L  Native  metallic  titanium  has  a  copper-red  colour,  and  a  a*«t.xvi^, 
great  deal  of  !>rillimicy.  It  is  crystallized  in  enhes,  in  which  p^operti«. 
Mr,  W.  Philips  detected  a  cleavage  parallel  to  the  faces  of  the 
cube.  It  is  hard  enouj^h  to  scratch  rock  crystal,  and  has  a  spe- 
cific gravity  of  5-3,  These  cubes  affect  a  magnet  very  sliglitly, 
in  consequence  of  a  very  small  quantity  of  iron  witli  which  they 
are  contaminated.     They  conduct  electricity  perfectly  welh 

Tliese  cubes  are  not  acted  on  by  nitric,  muriatic,  or  sulphu- 
ric acid  ;  nor  Ls  aqua  re^^ia  capable  of  ibssolvin^  them.  They 
are  infusible  before  the  bh>wj>ipe.  Wlien  heated  they  are 
oxidized  on  the  surface,  Wlien  heated  witU  nitre  they  are 
rapidly  oxidize*! ;  but  to  oxidize  them  completely  we  must 
heat  them  with  a  mixture  of  borax  and  nitre,  I  find  also  that 
they  are  rapidly  oxidized  when  heated  with  caustic  potiish, 

H.  Rose  has  discovered  an  unexpected  process  by  which 
metidlic  titanium  may  be  obtained.  Aidiydrouij  chloride  of 
titanium  is  put  into  a  proper  apparatus,  and  a  current  of  ammo* 
niacal  gas  is  made  io  pass  into  it  till  it  h  satumted.  The  matter 
is  now  heated  till  it  sublimes.  One  ])art  of  the  salt  sublimes, 
while  anotlier  j>art  i%  decomposed.  Muriatic  acid  and  azote 
are  disengaged^  and  metaliic  titanium  remains*  In  this  state  of 
fine  powder,  if  titanium  be  heated  in  air,  it  takes  fire*  It  dis- 
solves also  in  at[ua  re^'ux.  It  has  in  these  respects  a  close 
resemblance  to  silicon,  which,  when  strongly  heated,  loses  its 
combustibility  in  air,  and  it^s  solulidlity  in  ftuoric  acid. 

II.  We  are  aequaintetl  with  two  different  combinations  of  Oxkie^ 
titanium  and  oxyj^en  ;  the  one  is  black,  or  bluish,  or  purplish 
and  is  ijicai)able  of  ci»ni Inning  either  with  acids  or  bases ;  the 
other  possesses  acid  characters,  and  has  received  the  name  of 
titanic  acid. 

1.  Oxide  of  titanium  may  be  obtained  by  enclosing  titiinic  Pn^»**>«* 
acid  in  a  charcoal  crucible,  and  exposing  it  to  a  very  violent 
heat  in  a  coveretl  crucible.  We  obtain  a  mass  coated  exter- 
fisilly  by  a  thin  red  crust  of  metallic  titanium.  Within  is 
oxide  of  titiiuium  in  the  state  of  a  black  powder.  1  find  also 
that  it  may  be  formed  by  heating  metallic  titanium  in  fine 
powder  in  a  platinum  crucible  along  with  caustic  potash.  In 
that  case  it  has  a  bluLsli  green  colour,  prol»ably  because  the 
titanium  which  I  employed  was  not  free  from  iron, 

Oxiile  of  Utiinium,  when  prepared  from  titanic  acid,  is 
insoluble  in  all  the  acids.  When  heated  it  absorbs  oxygen 
very  slowly-  Indeed  it  Ls  with  great  difficulty  converted  into 
titanic  acid  by  heatbig  it  along  with  nitre.     Before  the  blow- 
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Chap,  a    pjpg  ii  disgolves  in  biphosphate  of  soda,  and  forms  a  vcry< 

red  glass.  Oxide  of  titanium  is  formed  when  a  pbite  of  an 
or  iron  is  pnt  into  a  solution  of  titanic  acid  in  muriatic  msL 
The  litjiiid  gradually  assumos  a  purple  colour,  and  tie  vak 
of  titanium  at  last  falls  du^^^u  having  the  same  shade  of  eoloo; 
But  wliLni  thus  obtained  its  tendency  to  absorb  oxygen  m  m 
great  that  it  cannot  be  filtered  or  dried  ^%'ithout  beii^  < 
verted  into  titanic  acid. 

I  think  it  probable  that  the  anatase  of  TtuuBmloptlts^i 
tiful  hiue  or  brmni  mineral,  crystallized  id   elongated 
drons,  and  having  a  specific  gravity  of  3-820,  is  compofirfd 

I  oxide  of  titanium*     But  this  mineral  is  so  scarce  that  ^ 

j  have  not  been  able  to  procure  enough    of  it  for  a 

L  analysis. 

RnpteAcid.       2.  Tit^inic  acid  occurs  native  crystaUlzed  in  right  fonr^iU 
prisms,  and  h  known  by  the  names  of  tiianite  or  rutUe^ 
colour  is  usually  reddish-l)rown,  iuid  it  has  a  specific  giiri^i 

(  4*'249.      It  probably  owes  its  colour  to  the  presence  of  a  fide ] 

oxides  of  iron  and  manganese,  from  which   it  has  netcr  ^  \ 
met  witli  quite  free.     Nor  w^its  it  known    in  a  state  of  ] 
till  M.  PL  Rose  contrived  the  following  process  for  puriiyiii^  j 
prvpAtrntSoa       The  cheapest  substance  to  employ  is   titaniate  of  iron  *  I 
titanious  iron  ore.      Reduce  this  ore  to  powder,  and  expoic  i 
to  a  while  heat  in  a  porcelain  tube,  while  a  current  of  dn'  siJp^  I 
retted  hydrogen  giis  passes  through  it.      By  tliis  proccBt^l 
oxide  of  iron  is  converted  into  sulphuret,  wliUe  tlie  titanic >a^ 
undergoes  no  change.     Allow  the  tube  to  cool,  and  digtfti' 
ore  thus  altered  in  concentrated  muriatic  acid.      Much  sulpli' 
retted  liydrogeu  is  given  ofl*,  and  sulphur  is   deposited,  *W  | 
being  mixed  witli  the  titanic  acid  gives  it  a  gray  colour.     W«« 
the  iicid,  dry  it,  and  expose  it  to  a  red   heat    to  drive  off  ^ 
sulphur.     Titanic  acid  obtained  in  this  way  still   retaitu^  ^ 
of  iron,  and  becomes  red  when  calcined.      TKe  best  war  <i  I 
proceeding  therefore  is  not  to  continue  the  current  cifsnlpkV' 
etted  hydrogen  gas  as  long  as  water  continues  to  be  etoW 
but  to  stop  when  the  quantity  of  water  ilisengaged  begim  ^ 

'  diminLsb,     The  titanic  acid  obtained  by  digesting  the  rtsiii 

in  muriatic  acid,  is  to  l>e  put  ^igain  into  the  porcebiiii  ttfcl 
heated  to  whiteness,  and  a  current  of  sutpluiretled  hyitaf* 

[  piisseti  over  it     After  this  if  it  be  digested  in  conceiitnir>^ 

I  muriatic  ackl,  w^ashed,  dried,  and  heated,  it  will  be  quite  viit 

I  and  pure,* 

I  •  Pogg&tidorTs  Anniilen  dcr  Phynk,  xiL  470. 
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We  may  obtain  titanic  acid  from  ridik  (which  is  an  im-  seetxvii. 
pure  titanic  aeiil,  or  rather  titaiiiate  of  iron)jJiy  Reducing  the 
mineral  to  an  impalpahle  powder,  and  fusing  it  with  thrice  its 
weight  of  carbonate  of  soda-  Tht*  fused  mass  Ls  washed  with 
water,  which  carries  off  the  excess  of  alkali,  and  leaves  the 
su|>ertitaniate  of  soda.  Let  this  supertitaniate  be  washed  on 
a  filter  as  long  as  the  -water  passes  through  clear.  Then  dis- 
solve It  in  concentrated  muriatic  acid.  Dilute  the  solution 
with  water  and  boil  it.  The  greatest  part  of  the  titanic  acid 
falls  down,  while  the  oxides  of  iron  and  manganese  remain  in 
salurion.  And  the  remainder  of  the  titanic  acid  may  he  obtained 
by  driving  off  the  excess  of  muriatic  acid  from  the  liquid.  The 
titanic  acid  thus  obtained  must  be  washed  with  water  acid iihited 
w\l\\  muriatic  acid.  It  still  retains  oxides  of  iroit  and  manga- 
nese, which  may  he  partly  removed  by  reiterated  boiling  in 
muriatic  acid,  and  completely  by  digesting  it  in  liydrosulphu- 
ret  of  ammonia^  as  wan  fiiMt  suggested  by  Rose*  This  hydro- 
sulphuret  dissolves  the  oxide  of  tie  which  is  sometimes  present, 
and  it  converts  the  oxides  of  iron  and  mangimese  into  sulpbu- 
rete,  which  are  easily  removed  by  muriatic  acid  in  the  way 
above  described. 

Titanic  acid  thus  obtained  is  a  wliitc  tasteless  powder,  p^epertiei, 
When  heated  it  becomes  yellowish,  but  resumes  its  white 
colour  when  agfiin  cold.  It  does  not  melt  at  a  high  tempera* 
ture.  It  reddens  litmus  paper  even  after  having  lieen  exposed 
to  a  red  heat.  But  after  that  process  it  becomes  quite  insolu- 
ble in  acids,  as  was  first  obsen^ed  by  Klaproth.  It  may  have 
its  solubility  restored  l>y  fusing  it  w^ith  carbonate  of  soda,  or 
by  digesting  it  in  concentrated  sulphuric  acid  in  a  temperature 
sufficiently  high  to  drive  off  by  degrees  the  excess  of  sul- 
phuric acid,  or  M'e  may  mix  it  with  charcoal  powder,  and  pass 
a  current  of  dry  cidorine  gas  through  it  while  heated  to  red- 
ness. Chloride  of  titanium  is  formed,  which  may  he  dissolved 
in  water.  The  titiiuic  acid  may  he  precipitated  by  ammonia 
from  these  solutions.  In  this  state  it  is  white,  gelatinouSj  very 
soluble  in  acids,  and  soluble  also  partially  in  the  alkaline  car- 
bonates, without  disengaging  the  carbonic  acid.  To  obtain  a 
complete  solution  of  this  aci<l  in  the  alkaline  carbonates,  we 
miti^t  let  fall  a  solution  of  a  titan iate,  drop  liy  drop,  into  the 
alkaline  solution  ;  agit;iting  after  every  addition,  and  taking 
care  to  add  no  m*>re  till  the  preceding  portion  be  dissolved, 
.Titanic  aci*!  is  prcci})itated  from  its  solution  in  carbonate 
pf  ammonia  by  long  boiling.     To  throw  it  down  from  car- 
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bonates  of  potash  or  soda,  we  must  add  sal  ammonLic  and 
til  en  boil. 

Rose  hns  shown  that  titaiur  acid  is  isaniorjihous  witli  per- 
oxide of  tin.  It  is  capable  of  existing  in  two  distinct  states. 
It  is  in  one  of  these  states  when  it  is  precipitated  from  an  acid 
solution  by  potasL  In  that  state  it  cotUains  water,  and  dis- 
solves readily  in  acids.  When  heated  it  hises  its  water,  glows, 
and  is  converted  into  the  other  state  in  which  it  is  perfectly 
insoluble  in  all  acids.  When  dilute  solutions  of  muriate  or 
sulphate  of  titanium  are  long  boiled,  the  titanic  acid  is  throi^Ti 
down  in  the  second  state,  and  is  completely  insoluble  in  water. 
In  this  second  state  it  Ims  a  curious  property,  first  noticed  by 
Kkproth,  If  we  throw  it  on  a  filter  and  wash  it^  the  water 
passes  off  clear  as  long  as  it  holds  any  salt  in  solution.  But  as 
soon  as  the  titanic  aeid  is  pure,  or  nearly  so,  it  mixes  \v\th.  the 
water,  and  forms  a  kind  of  milk,  which  passes  through  the 
filter.  We  cannot  therefore  wash  titanic  acid  with  pure  water; 
we  must  employ  water  holding  some  sal  ammoniac  in  solution. 

The  characters  of  titanic  acid  and  zircon ia  resemble  each 
other  so  closely  that  the  one  is  often  mistaken  for  the  other. 
They  may,  however,  be  easily  distinguished  by  the  blowpipe. 
Titanic  acid,  when  fused  with  borax  or  biphosphale  of  soda,  in 
the  exterior  flame  gives  a  yellow  or  colourless  glass,  which  in 
the  interior  flame  becomes  deep  purple,  or  even  brown  or  black, 
if  the  t|uautity  of  titanic  acid  he  considerable.  Mlien  titanic 
acid  and  zircouia  occur  together  in  the  same  mineral,  we  do 
not  possess  the  means  of  separating  them  from  each  other. 
Sucli  minerals  in  the  present  state  of  chemical  knowledge 
cannot  be  analyzed. 

To  determine  the  quantity  of  oxygen  in  titanic  acid  I  con- 
verted 1*37  grain  of  metallic  titanium  into  titanic  acid,  by 
heating  it  with  a  mixture  of  nitre  and  caustic  potash  in  a  green 
glass  retort.  The  weight  of  the  titanic  acid  formed  was  2*085 
gndns*     Hence  titanic  acid  is  a  compound  of 

Titanium  ,  ,  1%37    or  S'83 

Oxygen  ,  .  0-715  or  2 

This  experiment  (supposing  titanic  acid  to  contain  2  atoms 
oxygen)  makes  the  weight  of  the  atom  of  titanium  3- 83.* 
There  *ire  two  circumstances  which  render  the  result  tlms 
obtained  not  perfectly  satisfactory.  The  first  is,  that  the 
titanium  employed  was  not  quite  free  from  every  trace  of  iron, 
and  the  second  was  the  smallness  of  the  scale  ou  which  tlie 
♦  First  Principles,  iu  88. 
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experiment  im\b  made.     A   very  trifling  error  in  weigliing  sectxva 
would  occasion  a  matcriii!  one  in  the  result. 

M.  Rose  lias  ktely  made  a  new  set  of  experiments  to  deter- 
mine  this  point.  He  decomposed  cliioride  of  titanium  by  mix- 
ing it  witli  water.  He  then  prcci|iitated  the  titanic  acid  formed 
l)y  ammonia,  and  tlie  chlorine  was  afterwards  thrown  down  by 
IJtrate  of  silver.  Fnar  different  experimeiit8  were  made,  the 
nean  of  which  gives'from  9*8^38  parts  of  chloride,  4-20  parts 
rf  titanic  acid,  and  20*69(3  parts  of  chloride  of  s^ilvcr  —  7*322 
;>artH  of  chlorine.  It  h  obvious  that  109  parts  of  chloride  of 
Itanium  by  this  treatment^ would  have  yielded 

Titanic  acid  "       .         ,      '   42-996 

Chlorine  .         .         74-42 


117-416 

There  is  an  excess  of  17*416  parts.  The  rciison  of  this  excess 
is,  that  tlie  titanium  in  the  chh>ride  was  in  tlie  metallic  state, 
while  in  the  analysis  it  was  in  the  state  of  titanic  acid.  Hence 
this  excess  must  represent  the  oxygen  contained  in  42-996 
parts  of  titanic  acid.     Therefore  if  we  can  confide  in  these 

(xperimeiit8  of  Hose,  titanic  acid  is  a  compound  of 
Titanium  .  .  25'5B  or  100 
Oxygen  .         .         17-416         68 

42-996 
Jut  68  represents  t\i^o  atoms  of  oxygen.  Hence  the  atom  of 
xygen  is  to  that  of  titanium  as  84  to  100,  or  as  1  to  2-94. 
This  cojisiderably  exceeds  the  quantity  of  oxygen  which  com- 
bined with  titanium  in  my  experiment,  when  1  converted  it 
into  titanic  acid.* 

A  set  of  experiments  was  also  made  by  Dumas  to  determine 
the  same  )>oint*  His  metliod  was  to  determine  the  sjiecific 
gravity  of  chhiride  of  titaniinn  vapour.  He  found  it  6'8?>6, 
He  rhen  considered  this  vapour  as  a  compound  of  two  volumes 
chlorine  gas  and  1  volume  of  titanium  vapour  condensed  into 
1  volume.  Now  tlic  weight  of  two  volumes  of  chlorine  gas  is 
5.  If  we  subtract  this  from  6-6:36,  we  liave  1-836  for  the 
weight  of  a  vohime  of  titanium  vapour.  If  we  divide  the 
specific  gravity  of  titarnum  vapour  by  5-5555,  the  quotient  ^dll 

1  *rtrifi 
be  the  atomic  weight  of  titaniimfi.    But  --^r-  —  3-3.t 

•5;>5;j 

There  is  still  an()ther  analysis  of  chloride  of  titanium  by 

•  PoggentlorPs  Anntilen,  xv.  14-5. 

f  Ann.  dc  Chim.  et  de  Phys.  xxxiii.  3**8. 
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ch*r.  iL     j|r_  George.    He  dissolved  a  quantity  of  bichloride  of  tit 

in  wsiter;  and  after  one  half  of  the  chlorine  was  driveu  oC^ 

divided  the  solution  into  t^o  equal  portions.      From  the m 

he  threw  down  the  titanic  acid  by  potash,  which  weigkiJ  "i 

^rainsi,  and  from  the  other  tlie  chlorine,  by  means  of  niMeiQ 

silver.    The  chhiride  of  sih^er  weighed  15  grains  ^  d^OM 

of  chlonne*      Hence  the  bichloride  of  titanium  (analog^^f 

titanic  acid)  must,  by  this  analysis,  have  been  a  coiDpoimd#^ 

7        titanium —  iT  oxygen^  I 

7-38  chlorine.  "  I 

But  7'38  represents  2  atoms  of  chlorine  ;  and  if  we  S\itli  i  I 

by  4'3,  it  will  give  us  the  quantity  of  oxygen  containeii  »'  I 

7'38  «       .  <    I 

grains  of  titanic  acid.  ^7^—  =  1-64-      Henoe  titanic  add  i»i  I 

compound  of  I 

Titanium         .         .         5'SB  or  100  I 

Oxyf^en  .  .  1-64  or     30-a*  I 

This  would  make  the  atom  of  oxygen   to  that  of  tilaiittill  I 

15  8  to  100,  as  1  to6-5*2,f  | 

Thus  we  have  four  determi nations  of  the  atomic  wei^^M 
titanium  ftmndod  upon  four  different  sets  of  experiments;  lW« 
are  as  follows : 

Thomson         .         *  3*83 

Rose  .        .         2*94 

Dumas  .         .  3*3 

George  •         .  6*52 

I  do  not  think  that  we  can  put  full  confidence  in  the  itV^ 
mination  of  Mr.  George,  because  we  have  no  evidenof  ^ 
one  half  of  tlie  chlorine  wus  dissipated  when  the  chlori<le«i 
dissolved  in  water.  It  may  have  been  so  ;  but  we  law  H 
sufficient  evidence  of  the  fact.  I  consider  my  own  ejtperiffl^ 
as  the  simplest  and  easiest  of  all,  and  would  confide  in  ii  * 
]>reference  to  the  rest,  had  it  been  made  upon  a  laiwrfol^ 
I  think  Rose's  mode  of  experimenting  susceptible  of  bccbo^^ 
Hut  the  wnnt  of  coincidence  between  his  restilts  and  tht^^ 
Dumas,  whose  mode  of  experimenting  was  also  very  siaf'^ 
prevents  us  from  putting  complete  confidence  in  either*  Vi»» 
we  to  take  a  mean  of  the  results  of  Rose,  JDuzamiy  and  oijiA 

I  ofPhilosopHy  («d  series),  ix.  20, 
"^         Bfeftblc  that  the  chlorine  driven  ofTwhesi  the 
merely  tlie  excess  which  the  ciilorkle  i 
chlorine  obtiiineii  bv  Mr.  Gcqtge 

I  coma  out  bf  hii  expenoient^  StK  ^  1 
imith* 
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we  would  get  3-356  as  the  atomic  weiglit*  It  m  evident  that  s**-  ^^^^ 
further  researclies  are  still  necessary.  Mean  while  3**25,  wliich 
lies  between  the  nnmbers  of  Rose  and  Dnmas,  ha%  a  consider* 
able  chance  of  being  near  the  truth*  I  am  therefore  disposed 
to  adopt  it  My  old  lumiber  4  was  founded  on  the  analyjisis  of 
menaclmnite  in  my  laboratory;  and  if  we  conld  confide  in  the 
analysis  of  the  different  ores  of  titanium  hitherto  made,  there 
would  be  a  strong  probability  that  the  atomic  weight  of  titanic 
acid  is  6.  But  as  tiranic  acid,  like  other  weak  acidsj  unites 
with  bases  in  a  great  variety  of  proportions,  less  confidence  can 
be  put  in  the  results  of  such  analyses  than  when  an  acid  unites 
only  in  one  or  two  proportions. 

II L  Chloride  of  titanium  appears  to  have  been  discovered 

by  Mr.  George  in  18*24,  Dumas  formed  it  in  1826,  and  Rose 

in  18*28.     Nearly  the  same  method  was  employed  by  all  the 

experimenters.      George    employed   metallic   titiinium;    but 

Dumas  and  Rose  used  a  mixture  of  titanic  acid  and  charcoal. 

The  titanium  or  mixture  of  titanic  acid  and  charcoal  was  put 

"into  a  glass  or  porcelain  tube,  heated  to  redness,  and  a  current 

of  dry  chlorine  gas  parsed  over  it.    In  the  receiver  attached  to 

I  the  tube,  a  liquid  gradually  condensed,  which  is  the  chloride 

I  in  question.     When  first  obtained  it  contains  an  excess  of 

I  chlorine,  which  gives  it  a  strong  odour  of  that  ga^  and  a  yellow 

colour*     But  it   is  easily  purified  by  shaking   it  with   small 

I  quantities  of  mercury,  and  distilling  it  two  or  three  times  from 

\m  small  retort  in  which  a  Httle  mercury  has  been  put.     It  is 

I  then  perfectly  transparent  and  colourless,  does  not  act  upon 

[mercury,  and  when  dissolved  in  water  is  converted  into  mu- 

]  riatic  acid  and  titanic  acid,  without  the  evolution  of  any  chlorme 

l^as.*     It  is  heavier  than   water,  and  it  boils,  according   to 

I  JDumas,  when  heated  to  the  temperature  of  *275°.    The  specific 

ainty  of  the  vapour  of  thLs  liquid  was  determined  by  Dumas 

fto  be  6-836,     If  we  suppose  it  a  compound  of  two  volumes  of 

Ichlorine  and  1  volume  of  titanium  vapour  condensed  into  1 

Tolimie,  and  if  the  att>mic  weight  of  titanium  be  3*25,  then  die 

1  specific  gravity  of  its  vapour  will  be  6-8055.     For 

2  volumes  chlorine  =  5 

3-*25  X  0-5555        -  1-8055 


6'8055  ^  specific  gravity  of  the 

*  We  Aeefixxn  this  that  the  chlorine  evolved  in  Mr.  George's  experiment 
(breigfif  and  that  two  atoms  of  chlorine  victual ly  remaineJ  in  solution 

2  c 


I  in  the  state  of  muriatic  acid. 
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vapour.  Now  thb  com^  sufiicieDtly  near  the  specific  | 
as  determmed  by  Dumas,  to  make  it  not  tuilikely  to  be  if 
true  ^ravit}' ;  but  new  experiments  are  stiJi  requisite  to  Mk 
tliis  difficult  point. 

Am  chloride  of  titanium,  when  dissolved  in  watert  is  refol"^ 
into  muriatic  acid  and  titanic  acid,  there  can  be  no  doubt  i£| 
it  is  a  bichloride^,  and  its  constituents  must  be 
2  atoms  chlorine  .  .  9 

1  atom  titanium  •  «  3*25 


rho«|Kliuft-t* 


Sll1|)ituU'l 


12*25 

IV.  No   attempts  have   hitherto    been    roatle   lo  com'^^  I 
titanium  with  bromine  or  imtine. 

V.  When  titanic  acid,  fluor  spar,   and  sulpiiuiic  rjcif, * 
mixed  together  in  a  leaden  retort,  a  yellow  coloured  Ii(jii» ' 
gradually   obtained,  which   water  immediately  convert^  ^^  I 
fiuoric  acid  and  titanic  acid,*     This  is  probably  u  fluori«i«M 
titanium. 

VL  Nothing  is  known  about  the  combinations  which  ribs*  I 
may  be  capable  of  forming  with  hydrogen,  azote,  carboHf  !■**  f 
and  silit'on. 

VI L  Clienevix  formed  the  pbosphuret  of  tilaniiiin  If*! 
following  [irocess  :  He  put  a  mixture  of  ebarcoal,  phosplii^'l 
titanium  (phosphoric  acid  combined  M^tb  titanic  aciJ)**"^ 
little  borax,  into  a  double  crucible,  well  luted,  and  ' 
to  the  lieiit  of  a  forge.  A  gentle  heat  was  fir^t  applied,  1 
was  gradiiully  raised  for  three  quarters  of  an  hour,  tdvi^ 
taitunl  for  half  an  hour  as  higli  aj^  possible.  The 
titanium  was  found  in  the  crucible  in  the  form  of  a  i 
button.  It  in  of  a  pale-white  colour,  brittle,  anil 
and  diH's  mtt  melt  1>cfore  the  blow-pipe*-!- 

VII 1.  Sulphuret  of  titanium  M^as  first  formed  bv  Umt»\ 
method  was  to  heat  titanic  acid  to  whiteness  in  • 
tulu\  and  then  to  fans*?  the  raponrs  of  bisulphttret  of  c 
pasH  slowlv  over  it.     Carbonic  oxide  is   formed^  and 
ium  remains  in  the  state  of  green  gnoni, 
lire  the  metaliic  lustre  and  a  ibep  ' 
\nn  are  soft  and  easily  siiread  npMil 
ating  a  metallic  Itmtre*      Whm  * 
^y  arc  easily  converted  into  titanic  mH 

«^|iiotixl  by  L.  Osielin ;  B^nilbttch  der  thMf* < 


phurei 
when  rul' 
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It  dksolvos  witti  diffietilty  in  the  acids.  Wlien  digested  in  scct.^vti 
ttiuriatie  acid,  sulpliiircttcd  hydrogen  Is  evolved.  When  boiled 
in  aqua  repria,  the  sulphur  is  acidified,  and  most  of  the  titanic 
acid  forme<l  remains  iiridis-solved.  But  if  we  make  aqua  reg'ia 
act  on  it  cokl,  the  greatest  part  of  tlie  titanic  acid  is  dissolved. 
Caustic  potash  decomposes  it,  super titaniate  of  potash  remainsj 
and  8ulphuret  of  potassium  is  dissolved.  It  is  not  soluble  in 
the  alkaline  hydrosidpliurets. 

This  suiphuret  coiitfiinsj  according  to  Rose^  two  atoms  sul- 
phur, and  is  composed  of 

Titanium         ,  .  43 

Sulphur 


5/ 


100 

These  numbers  (obviously  hypothetic)  would  make  the  atomic 
[m^eight  of  titaniiun  3*01  ?,• 

IX.  Nothing  is  known  respecting  the  combinations  which 
(titanium  may  l>e  able  to  form  with  selenium j  telbirium,  arsenic, 

antimony,  chrominm,  molybdenum,  tungsten,  and  columbium* 
I  Vauquelin  and  Hecht  attempted  to  combine  it  with  silver, 
[Copper,  lead,  and  arsenic,  hut  without  success.  But  they 
^combined  it  with  iron,  and  formed  an  alloy  of  a  gray  colour, 

interspersed  with  yellow-coloured  brilliatit  particles.   Dr.  Wol- 
^Ia«ton  tried  in  vain  to  combine  it  witli  tin,  lead,  silver,  and 
opper.     It  would  appear  from  these  trials  that  the  affinity  of 
■this  metal,  for  other  metals  is  in  general  weak. 

Such  are  the  properties  of  the  acidifiable  bases,  so  far  as  we 

pare  acquainted  with  them.    The  attentive  reader  will  perceive 

I  that  several  of  ihern  are  distinguiNhed  by  their  peculiar  proper- 

|iie8  from  all  tlie  rest,  and  stand  as  it  were  insulated ;  while 

'  others  possess  similar  properties,  and  tlierefore  constitute  so 

many  particular  groups.    Hydrogen  and  azote  differ  essentially 

Vom  all  tJie  rest.     They  agree  in  being  gaseous;  but  tbey 

liffer  so  much  in  almost  every  other  property  that  they  cannot 

grouped  together. 

CVir/wn,  Aorow,  aiul  mlieo7i^  possess  analogous  properties. 
iThey  arc  black,  or  very  dark  coloured  powders,  quite  fixed, 
band  incapable  of  fusion.  The  acids  which  they  form  with 
ioxvgen  are  not  jjowerful,  and  are  capable  in  consequence  of 
limiting  witli  bases  in  various  proportions, 

SutphuTi  seleniutm  and  teUurimn^  are  also  analogous  bodies, 

•  KongL  Vet.  Acad.  Hamll.  1821,  p.  UX 
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They  combine  with  hydrogeo,  and  (ann  mtb  it  m  gas  capiUe 
of  being  absorbed  by  water,  posrassed  of  acid  piopciiiMi,  mi 
composed  of  a  voluxne  of  hydrogen  iiiiited  ta  a  volnnie  of  ill 
vapours  of  the  respective  sub^taoees  condensed  into  one  voliuM 
The  acids  of  sulphur  and  selenium  re:senibLe  each  other  in  to 
composition :  sulphurous  and  selenious  acids  contaioin?  f>* 
atoms  of  oxygen,  mhik  sulphuric  and  selenic  acids  cotitai! 
three  atoms  of  oxygen.  Similar  ac^ds  of  tellarfam  lm> 
yet  l)een  discovered. 

Pfmsphorun^  arsetiie^  and  cmtimont/^  bear  a  cloee  gesanbl^" 
to  each  other*    Hiey  are  isomorphoos  sob^taiices ;  ibe  pnffr- 
tions  of  oxygen  with  which  they  combine  are  respectMf 
similar,   IJ,  %  2^.     They  unite  to  hydrogen,  bat  the  gaM 
which  they  form  with  it  do  not  po^ess  the  properties  of  ao4 
nor  are  they  absorbed  in  a  notable  proportion  by  water*  IV 
consist  of  a  volume  and  a  half  of  hydrogen  gm  nnited  iti 
volume  of  the  vapour  of  phosphorus  or  arsenic,  and  amia^ 
into  one  volume.     Antimonietted  hydrogen   gas  Im  Hit  ft 
been  discovered. 

Chrotnium  and'  uranium  approach  each  otker  io  H 
colouring  properties ;  but  they  do\Tate  in  other  r^speco  6w 
each  other.  Chromic  acid  contains  2^  atoms  oxvgeik  ^ 
uranic  acid  contains  l^  or  2  atoms;  most  probably  the  bBft 

Moiybdetmm  and  tungsten^  columbiwn  and  iiiaminm^  fomi* 
other  groups  not  so  closely  connected.  But  the  inveslipP' 
of  these  four  bodies  is  still  too  incomplete  to  enable  mlvdi^ 
analogies. 


CHAR  III. 

OF  SIMPLE  ALKALIFIABLE  BASES. 

The  simple  alkallfiable  bases  at  present  known  are  tki^ 
lowing: 

15.  MangaiM 

10.  Nickd, 

17.  Cohallt 

la  Zmc^ 

19.  a 

rium,  20.    Lr;K 


Listofbucf. 

I,  Potasidiim. 

a  Aluminum, 

^So- 

9.  Glucinum, 

M 

■ 

10.  Yttrium, 

11.  Cerium, 

s 

12.  Zirconium, 

V 


f 
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22,  Bismuth, 

23,  Coj>per, 
2^  Mercury, 
25.  Silver,  ' 


26-  Gold, 
27.   Platinum, 
2a  Palladium, 


29.  Rhodiutn, 

30.  Iridium, 

31.  Osmium. 


Ouii;  Uh 


These  bodies  for  the  convenience  of  the  learner  may  he  sub- 
divided into  five  families,  the  individuals  belonging  to  each  of 
which  possess  a  great  many  characters  in  common*  These  are 
as  follows  : 

First  favuly,  AlkaUne  bases. 

This  family  comprehends  the  7  following  bodies. 

1.  Potassium^  4,  Barium,  6.  Calcium, 

2.  Sodium,  5,  Strontium,  7.  Magnesium. 

3.  Lithium, 

The  combinations  of  these  bodies  with  oxygen  are  soluble  iii 
water,  change  vegetable  blue  colours  into  green,  and  neutralize 
acids  with  great  energy,  ITiese  are  the  characters  which  dis* 
tingui^hed  the  alkalies,  as  they  were  understood  by  the  older 
I  ehemists. 

Second  fomUy.  Earthy  bases. 

This  family  comprehends  the  6  following  bodies. 

1.  Aluminum,  3,  Yttrium,  5.   Zirconium, 

2.  Glucinum,  4.   Cerium>  6,  Thorium. 

'The  combinations  of  these  bodies  with  oxygen  constitute  white 
taiiteless  powders,  insoluble  in  water,  incapable  of  producing 
any  alteration  on  vegetable  blues,  and  of  completely  depriving 
acids  of  the  power  to  redden  litmus  paper;  and  capable  of 
enduring  a  high  temperature  without  undergoing  any  clumge. 
These  are  the  characters  by  which  the  earths  of  the  older  che- 

L  mists  were  recognised. 

Tk  irdfa  m  ilt/.    Diffieukbf  fusible  bases. 

The  tliird  family  corapreheflds  the  4  following  bodies. 

1.  Iron,  3w  Nickel, 

2.  Manganese,  4,  Cobalt, 

Tfje  combinations  of  tliese  bodies  with  oxygen  cannot  be 
reduced  to  the  metallic  state  by  heat  alone;  but  they  readily 
dissolve  in  acids,  and  from  this  solution  they  aiiinot  be  pre- 
cipitated by  introducing  into  it  a  rod  of  zinc,  as  is  the  case 
with  the  bases  belonging  to  the  fourth  family*  Eacli  of  them 
unites  to  oxygen  in  two  proportions.     The  first  is  a  corapoimd 
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Chi*.  M'-  of  1  atom  of  base  with  1  atom  of  oxygen  ;  and  the  second  of  1 
atom  of  base  with  1 J  atom  of  oxygen.*  All  the  bases  belong- 
ing to  this  family  require  a  violent  heat  to  melt  them.  Thiey 
are  all  magnetic  except  manganese. 

Fourth  family.  Ectsily  fusible  bases. 

This  family  comprehends  the  eight  following  bodies. 

1.  Zinc,  4.  Tin,  7.  Mercury, 

2.  Cadmium,  5.  Bismuth,  8.  Silver. 
8.  Lead,                    6.  Copper, 

These  bodies  are  all  malleable  metals  except  bismutli,  which  is 
not  very  brittle.  They  all  melt  at  a  comparatively  low  heat 
Indeed  if  we  except  zinc  and  silver,  which  require  a  red  heat,  and 
copper  which  requires  a  white  heat,  they  all  melt  at  a  tempe- 
rature below  redness.  When  a  rod  of  zinc  or  iron  is  put  into 
the  solution  of  any  of  these  bodies  in  an  acid,  except  zinc,  it 
is  precipitated  in  the  metallic  state,  while  the  zinc  or  the  iron 
is  dissolved  in  its  place.  They  combine  either  with  one  pro- 
portion or  with  two  proportions  only  of  oxygen.  Their  oxides 
(those  of  tin  excepted),  have  the  property  of  neutralizing 
acids,  and  of  forming  salts  capable  of  crystallizing. 

Fifth  family.  Noble  metais. 
This  fiimily  comprehends  the  six  following  bodies. 

1.  Gold,  3.  Palladium,  5.  Iridium, 

2.  Platinum,  4.  Rhodium,  6.  Osmium. 

These  bodies  require,  all  of  them,  a  strong  heat  to  fuse  them. 
They  are  all  insoluble  in  nitric  acid,  and  their  oxides  are 
reducible  to  the  metallic  state  by  the  application  of  heat  alone. 
These  oxides,  in  general,  exhibit  but  little  tendency  to  combine 
either  with  acids  or  bases,  or  to  form  salts.  The  consequence 
is,  that  but  few  saline  combinations  into  which  they  enter  are 
known. 

All  the  bodies  belonging  to  these  five  families  are  metals ; 
and  with  the  exception  of  nine,  they  comprehend  all  the  metallic 
bodies  at  present  known.  None  of  the  supporters  are  metals. 
The  first  eight  of  the  acidifiable  bases  are  not  metallic,  but  the 
last  nine  are. 

The  name  metal  was  formerly  applied  to  certain  substances 
distinguished  by  a  peculiar  lustre,  called  the  metallic  lustre, 
capable  of  being  extended  under  the  hammer,  and  of  being 

*  Manganese  forms  at  least  four  different  oxides,  if  not  five. 
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dtawii  out  iato  wire,  or  malleable  and  dacitle^  opaque,  and  pos- 
llliDgJ  of  a  niueii  lii^lier  specific  gruvity  tliiiii  any  otlter  sub-  . 
Stances;  capable  of  l>eiije^  melteil  by  beat^  ami  eunduelors  of 
electricity.  At  first  only  7  metals  were  known,  namely  gold, 
silver,  mercury,  copper,  iron,  lead,  and  tin ;  whicb  possessed 
all  tliese  cbaracters.  By  degrees  oilier  sul (stances  were  dis- 
covered, possessed  of  the  nietiillie  bistre;  but  neither  malleable 
'  nor  ductile;  as  for  example  antimony,  arsenic,  bismuth,  tellu- 
rium. These  were  sometimes  distiuguished  by  the  epitliet 
semiffutai  or  imjKrfcct  imtaL  By  decrees  the  number  of  these 
new  bodies  far  exceeded  tbe  old  ones.  Some  of  them  cannot  be 
fused  by  the  most  vbdent  heat  that  we  can  apply  ;  many  are 
neither  ductile  nor  malleable,  some  are  lighter  than  water,  and 
gold  can  be  hammereil  out  so  thiu  that  it  allows  the  light  to 
pass  tlirough  it.  Thus  all  the  ebanieters  try  wbieh  tlie  metals 
were  distinguished,  have  failed  in  the  universality  of  their  appli- 
cation except  two;  namely  the  nutalltc  lustre  ^nd  the  property 
of  ran ffurfing  ekvtrkittf.  But  this  last  property  is  not  peculiar 
to  the  metals.  Water  possesses  it,  as  does  charcoal,  (uid  various 
bodies  into  which  metallic  particles  enter  a.s  constituents. 
Nothing,  therefore,  remains  to  characterize  the  metals  but  the 
metallic  lustre ;  mucb  too  vague  a  character  to  be  tbe  louuda- 
tion  of  a  class. 

Under  these  circumstances  I  liave  thought  it  better  to  ahan- 
don  the  class  of  metals  altogether,  and  to  arrange  the  simple 
iMKlIes  into  classes  founded  upon  jiroper ties  much  more  charac- 
teristic and  important  tlian  met<dlic  lustre. 


F*mU|l. 
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FIRST  FAMILY.     ALKALINE  BASES. 
The  bodies  belonguig  to  this  family,  which  are  7  in  number, 
wilt  be  treated  of  in  the  seven  following:  sections. 


SECTION  I. — OF  POTASSIUM. 

If  a  sufficient  quantity  of  wood  be  burnt  to  ashes,  and  these 
*  ifllies  be  afterwards  washed  repeatedly  with  water  till  it  comes 
off  free  from  any  taste,  and  if  this  liquid  l>e  tiltrated  and  eva- 
porated to  dryness,  tbe  substance  which  remuins  !>ehind  in  pot^ 
ash  I  not,  however,  in  a  state  of  purity,  for  it  is  contaminated 
with  several  otlier  substances,  but  sufficiently  pure  to  exhibit 
many  of  its  properties.  In  this  state  it  occurs  in  commerce 
under  the  mune  q^ potash.  When  heated  to  redness,  many  of 
its  impurities  are  burnt  off:    it  becomes  much  whiter  tlian 
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before,  and  is  then  known  in  commerce  by  the  name  of  pearl- 
ash.  Still,  however,  it  is  contaminated  with  many  foreigii 
bodies,  and  is  itself  eombiiiecl  with  carbonic  acid  gajs,  which 
blnnts  all  its  properties.  It  may  be  obtained  perfectly  pure  by 
the  following  process : 

I.  Mbc  it  with  twice  its  weight  of  quicklime ,  and  ten  times 
its  weight  of  pure  water:  boil  the  mixture  for  some  hours  in  a 
dean  iron  vessel,  or  allow  it  to  remain  for  4B  hours  in  a  close 
glass  vessel,  shaking  it  occasionally.  Tlien  pass  it  through  a 
filter.  Boil  the  liquid  obtained  in  a  silver  vessel  very  rapidly* 
till  it  is  sa  mucli  concentrated  as  to  assume  when  cold  the  con- 
sistence of  honey.  Then  pour  upon  it  a  quantity  of  alcohol 
equal  in  weight  to  one-third  of  the  pearl-ash  employed.  Shake 
the  mLxtnre,  put  it  on  the  fire^  let  it  boil  for  a  minute  or  tw0, 
then  pour  it  into  a  gla*5S  vessel,  and  cork  it  np.  The  solution 
gradually  separates  itself  into  two  strata ;  the  lowest  consists 
of  the  impurities,  partly  dissolved  in  water  and  partly  in  a  solid 
state ;  the  uppermost  consisti^  of  the  pure  potash  dissolved  in 
alcohol,  and  is  of  a  reddisb-brown  colour.  Decant  this  alcohol 
solution  into  a  silver  basin,  and  evaporate  it  rapidly  till  a  crust 
forms  on  the  surface,  and  the  liquid  below  acquires  such  con- 
sistence as  to  become  solid  on  cooling.  Then  pour  the  solu- 
tion into  a  porcelain  vessel.  When  cold,  it  concretes  into  a 
white  substance,  which  is  pure  potash.  It  must  be  broken  to 
pieces,  and  put  into  au  air-tight  phial. 

For  this  process  we  are  indebted  to  BerthoUet.*  The  fol- 
lowing, wdiich  was  first  proj)osed  by  Lo\^itz  of  Petersburgh,  is 
less  expensive.  The  potash  of  commerce  and  quicklime  are 
to  be  boiled  together,  as  above  described.  The  filtered  liquor 
is  then  to  be  evaporated  till  a  thick  pellicle  appears  on  its  sur- 
face, and  afterwards  allowed  to  cool :  and  all  the  crystals  which 
have  formed  are  to  be  separated,  for  they  consist  of  foreign 
salts^  The  evaporation  is  then  to  be  continued  in  an  iron  pot; 
and,  during  the  process,  the  pellicle  which  forms  on  the  sur- 

■  face  is  to  be  carefiilly  tjiken  off  with  an  iron  skimmen     When 

■  no  more  j>ellicle  appears,  and  when  the  matter  ceases  to  boil, 
I  it  is  to  be  taken  off  the  fire,  and  must  be  constantly  agitated 
I  with  an  iron  spatula  while  cooling.  It  is  then  to  he  dissolved 
I  in  double  its  own  weight  of  water.  This  solution  is  to  be  fil- 
I  tered  and  evaporated  in  a  glass  retortj  till  it  begins  to  deposite 


*  Jour,  de  Vhy^.  xxviii.  401. 

t  Dr.  Keiiiiciiy  observesf  very  justly,  that  a  glass  retort  aught  not  to  be 
employed^  because  potash  in  this  ttate  dissolves  glass.     Edin.  Traus.  v,  37* 
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regular  crystab-  If  the  mass  consolidates  ever  so  little  by 
cooling,  a  small  quantity  of  waiter  is  to  be  addedj  aiid  it  must 
be  heated  again.  Wlien  a  sufficient  number  of  crystals  have 
been  formed^  the  liquor  wliieh  swims  over  them,  and  which  lias 
assumed  a  very  brown  colour,  must  be  decanted  off,  and  kept  in 
a  well-closed  bottle  till  the  brown  matter  has  subsided^  and  then 
it  may  be  evaporated  as  before,  and  more  crystals  obtaiiied*** 

A  still  simpler  method  was  employed  by  Klaproth,  He 
lioiled  equal  parts  ofsalts  of  tartar  {carbonate  of  potash  prepared 
from  tartar),  and  Carrara  marble  or  oyster  shells,  burnt  to 
lime,  with  a  sufficient  quantity  of  water,  in  a  polished  iron 
kettle.  The  ley  was  then  strained  through  clean  linen,  and 
though  still  turbid,  was  reduced  by  boiling,  till  it  contained 
about  one  half  its  weight  of  potash.  It  w^as  then  passed  a 
second  time  through  a  linen  clotli,  and  set  by  in  a  glass  bottle. 
After  some  days,  wdien  the  ley  liad  became  clear  of  itself,  it 
was  decanted  off  from  the  sediment  nito  another  bottle»f 

Wlien  the  processes  above  described  are  employed,  it  is  quite 
passible  for  the  potash  obtained  to  be  mixed  with  soda.  The 
following  process  of  Mr.  Donovan  of  Dublin  will  put  it  in  our 
power  to  obtain  potash  in  a  state  of  purity.  Dissolve  the  bkarlnh- 
naie  oj'pota^h  of  commerce  to  saturatiou  in  water,  of  the  tem- 
perature of  100**.  Filter  the  solution  luid  place  it  in  a  flat 
dish  before  the  fire.  In  a  few  hours  a  crop  of  crystids  of  pure 
bicarbonate  Ls  obtained.  Wash  tliem  with  a  little  water,  and 
dry  them  on  blotting  paper.  Dissolve  tliese  crystals  in  water, 
and  mix  them  with  their  own  weight  of  slacked  lime.  Boil 
tke  mixture  for  15  minutes,  and  then  filter.J 

If  we  wish  to  render  the  potash  caustic  we  must  boil  the 
aolutiou  of  it  with  at  lejist  its  own  weight  of  quicklime.  The 
best  metliod  is  to  slack  the  lime,  imd  then  to  add  [is  much  water 
as  will  bring  it  to  a  half  liquid  state*  Tlie  solution  of  carbo- 
nate of  potaish  should  be  made  to  boil  in  a  clean  iron  or  sih^r 
re^itel ;  then  a  spoonfid  of  the  half  liquid  lime  should  be  added, 
and  the  liquid  Ixuled  for  a  few  minutes*  After  this  an  addi- 
tional spoonful  is  to  be  added,  and  the  boiling  continued.  By 
this  gradual  addition  of  the  lime  it  is  converted  into  carbonate, 
and  falls  to  the  bottom  in  a  gritty  stiite,  so  that  tlie  caustic  ley 
is  easily  separated  from  it.  W^hen  we  suppose  that  we  have 
added  enough  of  lime,  we  may  test  the  liquid  by  tidiing  out  a 
little  and  mixing  it  with  its  own  bulk  of  !ime  water.     If  the 

•  Nkholson*s  Journal,  i,  I6+.      f  Klaproth'a  Beitroge,  I  Pre&ce,  p.  10, 
X  Dublin  Philo»oi>hical  Journal,  u  4^. 
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carDoiiate  or  pocasii  is  lormea  ai  cue  expense  ot  tnc 
during  the  evaporation.  When  we  take  Mr.  D 
metiiod  of  employing  bicarbonate  of  potash,  the  lie 
contain  no  other  impurity  tlian  a  little  carbonate  ol 
from  whicli  it  would  be  difficult  to  free  it ;  but  it 
importance,  as  far  sis  regards  almiost  all  the  purposes  1 
it  is  usually  applied. 
Hiitory.  Tiiat  potttsh  WHS  knowu  to  the  ancient  Gauls  and  ( 

cannot  l)e  doubted,  as  they  were  the  inventors  of  soap 
Pliny  informs  us,  they  composed  of  ashes  and  tallow. 
ashes  (for  he  mentions  the  ashes  of  the  beech-tree  parti 
were  nothin^r  else  but  potash;  not,  however,  in  a 
purity.*  'Die  xowa,  too,  mentioned  by  Aristophanes  an 
appears  to  have  been  a  ley  made  of  the  same  kind  o 
The  alchymists  were  well  acquainted  with  it ;  and  it  1 
in  every  period  very  much  employed  in  chemical  rft 
It  may  be  said,  however,  with  justice,  that  till  Berthol 
ILshed  his  process  in  the  year  1786,  chemists  had  neve 
ined  potash  in  a  state  of  complete  purity.-]- 

2.  Potiisii  is  a  brittle  substance  of  a  white  coloui 
smell  resembling  that  which  is  perceived  during  the  : 
of  quicklime.  Its  taste  is  remarkably  acrid;  and 
exceedingly  corrosive,  that  when  applied^ to  any  par 
botly,  it  destroys  it  almost  instantaneously.  On  a« 
this  property,  it  has  been  called  caustic^  and  is  often 
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etirgeons?,  under  tlie  nanie  of  the  potential  cmiteryj  to  open  absces-    ^ *«*iiy  t 
•es,  and  to  destroy  useless  or  luutful  excrescences.     Its 
cific  gravity  Jii  the  state  of  liydrate  is  2*1.* 

3.  When  potash  is  perfectly  dry  it  is  a  non-conductor  of  elec-  ^^^^^^"^ 
tricity,  but  it  becomes  a  conductor  when  slightly  moistened  ou 
the  surface,  a  degree  of  moisture  which  it  acquires  by  being 
exposed  for  a  few  seconds  to  the  atmosphere.  Wlien  pieces 
of  potash  in  this  state  are  placed  upon  a  disc  of  platiiunn 
attached  to  t!ie  positive  end  of  a  powerful  gidvajiic  battery,  and 
a  pUitiuum  ^vire  from  the  negative  extremity  is  made  to  touch 
its  upper  surface,  the  potash  is  gradually  decomposed,  oxygen 
I  gas  separating  at  the  extremity  of  the  positive  pole,  while 

•  globules  of  a  v^^hite  metai  like  mercury  appear  at  the  side  u\ 
contact  with  the  platinum  wire,  A  number  of  accurate  expe- 
riments demoustnited  to  Sir  H.  Davy  tliat  these  globules  w^erc 
the  basis  of  potiish^  and  that  they  were  converted  into  potash  by 
absorbing  oxygen.  Thi;*  brilliant  discovery  was  made  in  the 
year  1807.f     To   the  metallic  basis,  thus   discovered,  Davy 

|ga%*e  the  name  o( jKitasmtm/l 

Soon  after  Gay-Lussac  and  Thenard  discovered  that  potas- 
81  um  could  be  obtaioed  in  greater  quantities  by  passing  potash 
through  iron  turnings,  heated  to  whiteness  iu  a  gun-barrel 
covered  on  the  outside  wnth  clay  to  protect  it  from  the  action 

\  of  the  fire.§  This  difficult  process  was  improved  by  Mr. 
Smithson  Tenuant  io  181 4.  || 

Tlie  potassium  obtained  by  this  process  amounts  to  about 

[the  fourth  part  of  the  weight  of  the  hydrate  of  potiish  emph)yed, 

.About  twiHtliirtls  of  the  potash  comfjlne  with  the  iron,  forming 
a  compound  of  a  peculiar  nature,  not  hitherto  examined.  It 
a<lheres  strongly  to  the  iron  tube,  and  is  sc*arcely  soluble  in 

•  water. 
Curaudau  proposed  another  method  of  obtaining  potassium. 

He  took  the  barrel  of  a  pistol,  shut  up  the  touch-hole j  and 

I  covered  it  with  a  clay  lute.     He  then  introduced  into  it  a 

mixture  of  cream  of  tart<ir,  previously  lieated  to  redness  in  a 

crucible,  and  mixed  afterwards  with  a  little  powdered  charcoal 

»  and  oiL     This  tube  he  heated  to  whiteness  in  a  forge  till  green 

I  coloured  vapours  began  to  issue.     Then  bars  of  polished  iron 

•  Dalton. 

f  Davy  has  given  a  dcftuiled  account  of  it  in  Phil.  Trans.  1808. 

I  The  Gerntun  und  Swcdiiih  themiats  call  it  kalmnu 

j  This  procifhs  IS  ticscrilwd  at  leugiii  in  HgcIu  Fhysico-diiiiii*|ueB,  i.  7+^ 

I  PhiL  Tmns*  iBLt,  p.  587. 
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G»p.  III.    yi^ere  introduced  into  the  Imrrel,  till  H^thin  a  few  Knea 

incandescent  masj*,  and  instantly  witiidrawn.  Tliejr  rai 
cmited  with  small  globules  of  potassiiuu,  which  were  deteU 
and  kept  under  naphtha.* 

This  process  of  Curaudau  yielded  very  little  potaasiitm.  Jb 
about  the  year  18ti4,  it  wns  so  much  improved  by  M.  Brmm 
Professor  of  Chemistry  at  Beme,   that  it  now  furnidw  If  i 
far  the  easiest  and  most  economical  method  of  procuiiiy  f#  1 
assium*-f 

Pnrpmtion*       The  vcssel  which  answers  best  for  the  pr€»ceaB  isa  boldtiij 
hammered   iron;   and    Bruniier  recomraends    far  it  ifcfi 
bottles  in  whieh  mercury  is  put  when  imported  frpm  tltei 
coriai  mines.     If  such  a  bottle  is  to  be  uaed^  it  ought  b  1 
first  place,  to  be  exposed  to  a  white  heat  to  drive  «f  dl 
mercur)^  which  may  be  attached  to  the  iuside  of  iu    Thill 
is  to  be  iilled  with  the  black  matter  into  wiiich  cream  «f  I 
is  converted  by  heating  it  to  redness  in  a  crucible.    Tliiil 
matter  is  a  mixture  of  carbonate  of  potash  and  charcotti. 
prevent  it  from  melting  when   heated*  it   is  proper  t»  m 
intimately  with  a  quantity  of  charcoal  powder,  w^eighmgi 
y^^fth  of  the  cream  of  tartar  employed.     With  this  mijLtuiil 
iron  bottle  is  filled.     It  is  then  placed  horizontally  ina| 
wind  furnace,  being  supported  behind  by  a  piece  of  1 

The  figure  in  the  margin  re 
a  section  of  the   furnace,  witk  i 
iron  bottle  A,  supported  by  tki 
brick  B.     To  the  mouth  of  tW  i 
bottle  a  short  iron  tube  C  (i| 
of  a   gun    barrel    will   answwj' 
either  to  be   fitted   by  memi^l 
female  screw  in    the   mouth  gf^ 
bottle,  or  simply  by  grimliAg. 
tube  must  pass  UirougL  a  kdtiil 
fire-brick,  with  which  die  mm' 
It  should  be  as  short  as  possible,  •• 
This  tube  i8  luted  u>il 


the  furnace  is  shut 
completely  to  clear  the  furnace 


•  Ann.  de  Ghim.  IxvL  97, 

t  Bibliotheque  Unjverselle,  xxii.  36.— PoggendorTa  AnoalcD  dcr  1^1 
iv,  23^  where  Brunner's  process,  as  improved  b^'  Berzelios,  is  6ma< 
Wohler;  and  in  the  same  volume  L.  Omclin  (p.  3l)^girtA  ao  hifr* 
account  of  the  phenomena  attending  the  process^  and*  deacribenf^' 
prodwcU,  particularly  crocoHk'  acid. 
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in  the  receiver  D,  wliicli  \ifis  con- 
trived by  Berzelius,  and  which  1 
shall  endeavour  to  describe.  It  is 
made  of  tinned  copper,  and  eon- 
sists  of  two  pieces,  llie  np|>er 
piece  D  is  a  thin  paratlehipiped, 
ten  inches  long,  five  or  six  broad, 
and  1^  thick*  It  is  shut  at  tlic 
top  and  open  at  the  bottom.  To- 
wards the  side  a,  it  Is  divided  into 
two  parts  by  the  diaphragm  b  b^ 
which  goes  within  a  third  of  the 
bottom,  and  separates  it  com^ 
pletely,  as  far  as  it  goes,  into  two 
separate  compartments.  Towards  the  top  of  1)  there  h  a  small 
opening  d^  into  which  the  end  of  the  gun-barrel  enters,  and  to 
which  it  is  luted  air-tight^  or  what  is  better,  the  gnn-barrel 
fihoiild  be  fitted  to  it  by  gnndirig*  Exactly  opposite  to  it  at  a, 
Uiere  is  another  opening  fitted  with  a  cork,  through  which  an 
iron  wire  e  e  passes  air-tights  It  passes  also  tlirough  a  cork 
fitted  into  the  diaphragm  b  b.  The  use  of  this  iron  wire  is  to 
keep  the  gun-barrel  tube  from  being  filled  up  during  the  pro- 
cess with  a  black  matter  which  is  volatilized  into  it 

E  is  the  other  division  of  the  receiver.     It  is  a  parallelo- 

piped  of  tinned  copper,  similar  to  the  upper  l»alf ;  open  above 

rid  shut  below.     D  fits  it  exactly^  so  that  it  can  be  plunged 

I  the  bottom  of  it    A  few  inches  of  naphtha  are  put  into  the 

el  E ;  then  D  is  slipped  into  it,  and  the  place  between  D 

ImnA  E  is  well  luted  with  fat  lute,  or  putty,  to  prevent  the  air 

from  penetrating.     The  same  precaution  is  taken  with  the 

joining  at  (L     Near  the  top  of  the  vessel  D,  between  the  dia- 

^phragm  and  a,  there  is  another  small  opening,  to  which  a  bent 

»  tube  is  luted,  which  plunges  into  a  vessel  filled  with 

tiiha.    The  use  of  this  tube  is  to  allow  the  gases  generated 

[to  escape,  without  air  having  access  to  the  inside  of  the  receiver. 

The  iroQ  bottle  with  its  contents,  and  gun-liarrel  tube,  being 

Iput  into  the  furnace,  is  heated  to  redness,  and  the  heat  raised 

till  green-coloured  vapours  begin  to  make  their  appearance, 

l^diieh  is  a  proof  that  the  decomposition  has  begun*     The  re- 

[oeiver  is  then  attached,  and  tlie  process  continued.    As  long  as 

es  from  the  bent  tube,  it  is  a  profjf  that  the  process  is 

'  on*      If  tlie  issue  stops,  it  is  a  proof  that  the  gun* barrel 

[is  stopt  up.     It  must  be  cleared  by  the  iron  wire  e  e.     Tliis 
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^^^^  '"'  iron  -wire  for  that  purpose  should  tcrtuinatc  in  a  kind  of  cork- 
screw poijiL  It  should  not  be  too  thick.  P'or  in  one  of  my 
processes  I  thought  to  secure  the  opening  from  the  bottle 
through  the  gun-biirrel  by  meaiis  of  a  round  iron  bar,  termi- 
nating in  a  screw  point.  But  very  soon  I  found  tliat  all  my 
force  was  insufficient  to  remove  the  obstruction,  and  was  obliged 
in  consequence  to  stop  the  process.  I  succeeded  much  better 
with  an  iron  wire.  But  it  is  exceedingly  difficult  by  any 
method  whatever  to  prevent  the  gun-barrel  from  being 
choked  up. 

When  no  more  gas  issues*  though  the  tnbc  be  open,  the 
process  is  finislied.  If  the  operation  has  been  succcssfid,  we 
find  the  potassium  for  the  most  part  in  gb>bules  at  the  bottom 
of  the  receiver  E.  It  is  always  mixed  with  more  or  less  of  tlie 
black  matter  which  obstructed  tlie  tube.  When  this  black 
mutter  is  distilled,  it  yields  a  good  deal  of  pot^Lssinm.  We 
must  beware  of  letting  any  water  come  in  contact  with  it,  for 
it  burns,  and  even  explodes  violently,  whenever  we  wet  it. 
The  greatest  part  of  the  potassium  has  been  dissipated  along 
with  the  gas.  We  ol)tain  about  3  parts  of  potassium  for  every 
1 00  parts  of  cream  of  tartar  that  we  employ  in  tlie  process, 

The  potas!5ium  thus  obtained  contains  charcoal,  from  which 
it  may  be  freed  by  tlistillation.  I  perform  this  in  small 
bottle-glaivs  retorts,  which  I  fill  with  naplitba,  and  plunge  their 
beaks  into  a  receiver  nearly  filled  witli  naphtha.  The  naphtha 
first  passes  over,  and  then  the  ))otassiuni,  except  a  small  quan- 
tity which  cannot  be  separated  from  the  charcoal^  except  by  a 
heat  greater  than  the  retort  can  bear. 

I  lun'e  been  thus  particular  in  describing  this  process,  because  ^  | 
It  is  the  most  economical  one  hitherto  contrived,  and  it  will  of 
consequence  be  hereafter   followed  for  preparujg  this  most 
important  chemical  agent. 

The  properties  of  potassium  were  ascertained  with  much 
industry  and  sagacity  by  Sir  IL  Davy.*  They  were  Hke^-ise 
examined  with  much  care  by  Gay-Lussac  and  Thenard,  who 
corroborated  the  facts  determined  by  Davy,  and  added  some 
important  ones  of  their  own,-|- 

Fotassium  is  white,  and  it  has  the  metallic  lustre  as  com* 
pletely  as  silver  or  mercnry.  At  the  temperature  of  50°  it  ii^ 
a  soft  ami  malleable  solid.  Its  fluidity  becomes  perfect  at  1 36^**, 
and  at  32'^  it  is  hard  and  brittle,  and  when  broken  in  fnigmente 


•  Phil  Trans.  1 808,  p.  1.  +  Rechcrches  PhysiJco-chiiTviques,  i.  107. 
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oxliibits  a  crystalline  stnictiirc.  Nearly  a  red  heat  is  required 
to  convert  it  into  vapour.  Its  speeifie  gravity  at  60''  is  0*86507, 
so  that  it  is  lighter  than  water.  It  is  aii  excellent  conductor 
of  electricity  and  of  heat. 

When  potiiiisium  i^  exposed  to  the  air,  it  absorbs  oxygen,, 
and  is  covered  witli  a  crust  of  potiLsh  in  a  few  minutes*  This 
crust  absorbs  \vater,  which  is  rapidly  deeomposed,  and  in  a 
short  time  the  whole  becomes  a  saturated  sohition  of  poUu^h. 
When  heated  in  oxygen  ga^  to  the  temperature  at  which  it 
[  begins  to  evaporate,  it  burns  \dth  a  brilliant  white  light  pro* 
[  ducing  intense  lieat. 

When  throwT^i  upon  the  surface  of  water  it  decomposes  that 

[liquid  with  rapidity,  and  the  liydrogen  gas  evolved,  earrpug 

)  with  it  small  particles  of  the  metal,  takes  fire  in  the  air,  and 

^eommunicating  the  combustiou  to  tlie  potassium,  the  whole 

burns  with  a  kind  of  explosion,  emitting  a  red  liglit. 

11.  Potassium  is  generally  considered  a«*  capable  of  uniting 
with  tliree  portions  of  oxygen ;  but  I  think  it  very  doubtful 
whether  the  suboxide  be  any  thing  else  than  a  mixture  of  pot- 
[aasium  and  potash. 

1,  Tlie  suboxide  is  formed  when  potassium  is  heated  in  a 
'  quantity  of  air  not  having  enough  of  oxygen  to  convert  it  into 

potash;  or  by  heating  a  mixture  of  1  part  potassium,  ajid  If  of 
hydrate  of  potash  to  a  temperature  not  exceeding  .570  degrees 

^of  Fahrenlieit.  While  hot  it  has  a  red  colour^  but  becomes 
gray  on  cooling.  When  heated  to  about  80°,  it  takes  fire  and 
burns  brilliantly.  At  a  temperature  below  redness,  it  is  con- 
verted into  (jeroxide  of  potaiisium  ;  at  a  white  heat  it  is  decom- 

I  posed  into  potassium  which  snbfimes,  and  potash  which  remains. 
It  has  not  been  analyzed.  But  if  it  he  a  true  su!>oxide,  it  13 
probably  a  conqiound  of  two  atoms   potassiuui  and    1   atom 

I  oxygen. 

2.  Potassium  is  converte*!  into  potash  when  put  into  water. 
'That  liqidd  is  decompose*!  giving  out  liydrogen  gas,  while  its 
•oxygen  unites  to  the  potassium  and  converts  it  into  potash. 

According  to  the  experiments  of  Gay-Lussac  and  Thenard 
1 34*  1 77  grains  of  potassium  when  put  into  water,  evolve  40*655 

cubic  inches  of  hydrogen  gas  at  the  temperature  of  .59**,  and 
'when  the  barometer  stands  at  29*351  inches.*     Hence,  under 

a  pressure  of  30  inches  of  mercury,  the  quantity  of  gas  evolvetl 

would  have  been  39*776  cubic  inches.      According  to  this 
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♦  Rcchcrclics  Phpico-chiiniqtjes,  L  1 17. 
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ciMp  in.  experiment,  100  grains  of  potassium,  wheii  converted  into 
potash  in  water,  occasion  the  evolution  of  1 16'38  cubic  inches 
of  hydrogen  gas.  Consequently  the  potassium  must  have 
united  with  a  quantity  of  oxygen  equivalent  to  58*19  cubic 
inches.  But  58"19  cubic  inches  weigh  20-137  grains*  Ac- 
eording  to  this  experiment,  potash  is  composed  of 
Potassium  .  .  100 
Oxygen  .        .  20-137 

Berzelius  took  an  amalgam  of  potassium,  decomposed  it  by 
water,  saturated  the  potash  by  muriatic  acid,  and  then  deter- 
mined its  quantity  by  weighing  the  salt  which  he  had  thus 
formed.  The  loss  of  weight  of  the  amalgam  gave  him  the 
quantity  of  potassium.  Tliis  weight,  subtracted  from  that  of 
die  potash,  gave  the  quantity  of  oxygen  with  which  it  had 
combined.  The  result  of  his  experiments  gave  him  potash, 
composed  of  100  potassium  +  20*525  oxygen  ;*  but  which  he 
afterwards  corrected  to  the  following  numbers  :f 
Potassium  •  •  100 
Oxygen  .         .  20-409 

Now  the  mean  of  these  two  sets  of  experiments  gives  ua 
potash  compo^d  of 

Potassium        .        .         100 
Oxygen  .         .  20-273 

DawpcwHion,  :Hence,  I  think,  wc  may  without  hesitation  adopt  the  following 
«fl  the  true  proportions  in  which  the  constituents  of  potash 
combine : 

Potassium         .         .         100 
Oxygen  .         .  20 

If  we  consider  potash  as  a  compound  of  one  atom  potassium 
and  one  atom  oxygen,  and  nothing  appears  contrary  to  this 
8U[qposition ;  then  it  follows  that  the  weight  of  an  atom  of 
potassium  is  5,  and  that  of  an  atom  of  potash  6 ;  6  accord- 
ingly is  the  equivalent  number  according  to  which  potash 
enters  into  all  combinations. 
Praperticfc  Pure  potash  was  first  obtained  by  burning  potassium  and 
exposing  the  potash  formed  to  a  heat  sufficient  to  drive  off  any 
surplus  oxygen  which  it  may  have  absorbed.  Its  colour  is 
grayish-white,  it  melts  at  a  red  heat,  and  sublimes  when  the 
heat  is  raised  a  little  higher.  The  fused  mass  is  hard,  breaks 
with  a  conchoidal  fracture,  and  has  a  higher  specific  gravity 
than  the  hydrate  of  potash.     It  unites  to  water  with  much 

•  Ann.  de  Chim.  bnv.  245.  f  Annals  of  Philosophy,  liL  360. 
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Violence,  and  if  only  the  requisite  proportion  of  water  has  been    F»infl7  i. 

employed,  tlie  heat  evolved  is  sufficient  to  make  the  potash      ^^^^^ 

red-hot 

When  potash  Is  oljtained  hy  any  of  the  processes  described 

in  the  beginning  of  tliis  section,  it  is  in  the  state  of  a  hydrate. 

If  it  be  pnre  and  exposed  to  a  red  heat,  it  fuses,  and  the  matter 

thus  obtitined  Is  a  compound  of 

1  atom  potaslx         .         .  6         or  100 

1  atom  water  .         .         M25  or    18*75 


I 


b 


7-125 

The  hydrate  of  potash  has  a  ver)^  strong  affinity  for  water*  At  Hydwie  of 
the  common  temperature  of  the  air,  one  part  of  water  dissolves  *""*" 
two  parts  of  potash.     The  solution  is  transparent,  very  dense, 
and  almost  of  tlie  consistence  of  oi].     It  is  in  this  state  that 
potash  is  usiudly  emj>toyed  by  chemists.     When  four  parts  of 
potash  in  powder  and  one  of  snow  are  mixed  together,  the 
mixture  becomes  liquid,  and  at  the  same  time  al>sorbs  much 
heat.      This   mixture  was   employed   by  Lowitz  to  produce 
artificial   cold*     When   the   aqueous   solution   of  potash    is 
evaporated  to   a  proper   consistency,  the  potash  crystallizes. 
The  sliape  of  its  crystals  h  very  different,  according  to  the 
way  in  which  they  have  been  produced.     When  allowed  to 
form  spontaneously,  they  are  octahedrons  in  groupes,,  and  con- 
tain 0.43  of  water,  or  they  are  composed  of 
1  atom  potash  .  ,  6 

4  atoms  water        .         .         4*5 


10-5 

These  octahedral  crystals  therefore  constitute  a  quaterhydrate 
of  potash*  Wlien  formed  by  evfi|)oration  on  the  fire,  they 
assume  the  figure  of  very  thin  transparent  blades  of  extraor- 
dinary magnitude,  which,  by  an  assemblage  of  lines  crossing 
each  other  in  prodigious  numbers,  present  an  aggregate  of  celb 
or  cavities,  commonly  so  very  close,  that  the  vessel  may  be 
inverted  without  losing  one  drop  of  the  liquid  which  it  con- 
tains, • 

The  follo\*'ing  tal>Ie  by  Mr,  Dal tonf  exhibits  the  quantity  of 
potash  contained  in  100  parts  of  solutions  of  potash  in  water, 
ofdifferent  specific  gravities : 


•  Nichobon's  Journal,  i,  164. 

f  Dalton's  New  System  of  Chemistry,  Part  Tu  p.  476. 
1.  2d 
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Potusb  IS  employed  in  medieiiie  botlt  externally  and  inter- 
nally. It  is  proper  on  that  account  to  mention  that  the  caustic* 
potash  prepared  for  medical  use  in  this  country  is  seldom 
quite  free  from  lead.  I  cannot  account  for  this,  except  by 
supposing  that  the  potash  is  prepared  in  leaden  vessels — a  very 
improper  practice,  because  potash  has  tlie  property  of  dissolv- 
ing protoxide  of  lead  witJi  great  facility. 

3.  The  peroxide  of  potjissium  wus  discovered  in  IBIO,  by 
Gay-LuxSsac  and  Tlienard.  It  is  formed  by  heating  potassium 
in  a  glass  jar  filled  with  oxygen  gas.  A  vivid  combustion  takes 
place;^  and  a  great  deal  of  oxygen  gas  is  absorljed.  From  ibe 
experiments  of  Gay-Lussac  and  Thenard.  it  appears  that  100 
grains  of  potassium,  when  thus  lyurnt,  are  capable  of  absorbing  1 77 
cubic  inches  of  oxygen  gas.  Hence  this  peroxide  is  composed  of 
Potassium         ,         .  100       or  5 

Oxygen  .         .  61-25  or  3-06 

So  that  it  Ls  a  compound  of  1  atom  potassium  and  3  atoms  oxygenJ 

Tliis  peroxide  is  a  solid  body  of  a  yellow  colour.  It  fiise 
when  exposed  to  a  temperature  higlier  than  is  requisite  to  fusel 
common  canstic  potash.  On  cooling,  it  crystallizes  in  plates.1 
When  put  into  water,  it  eiFer\^esces,  and  is  reduced  to  the  state! 
of  potash,  giving  out  the  excess  of  oxygen  w4uch  it  contained 
When  brought  in  contact  with  phosphorus,  sulphur,  or  carhi 
combustion  takes  place  wlien  the  temperature  is  raised;  thes 
bodies  are  acidified,  and  the  acids  formed  unite  to  the  potash. 
Wlien  surrounded  with  liydrogen  and  heated,  that  gas  is  ab-| 
sorljed  without  the  appearance  of  light,  and  much  water  is  I 
formed.  In  like  manner,  sulphurous  acid,  and  protoxide  of  J 
axote,  arc  acidified  when  it  is  heated  in  them.  Ammonia 
decomposed,  water  being  formed  and  azotic  gas  disengaged/ 

When  hydrate  of  potash  is  fused  in  an  open  sDver  crucibh 
the  peroxide  of  potassium  is  frequently  formed ;  the  oxygen  < 
the  atmosphere  being  al>sorbed,  and  taking  the  place  of  thel 
water*    Hence  it  happens  that  hydrate  of  potash,  after  haviofpl 


*  Becbercties  PhyRico-chiinw|iies,  i.  128, 
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en  fused  by  a  violent  heat,  frequently  dissolves  in  water  with    ^'''^f  ^ 
a  lively  effervescence,  oxygen  gits  being  disengaged.  ^!^ 

III.  Potassium  combines  readily  with  chlorine,  and  forms  a  ■ 

componnd  called  ckhndv  of  frnfasshmi. 

When  potafisiyni  is  introduced  JiUo  chlorine  gas,  it  burns  chiorWe. 
with  a  brilliant  red  flame,  the  eldorine  is  absorbed,  and  the 
whole  is  converted  into  a  white  saline  mass.  This  snbstance 
is  chloride  of  poiassimn.  If  potash  be  heated  in  chlorine  gas 
its  oxygen  is  disengaged,  while  the  clilorine  is  absorbed  and 
takes  it«  place-  It  appears  from  tliis  e:t|>eriment,  which  waj* 
made  by  Davy,^  that  at  a  red  heat  potassium  has  a  stronger 
iiity  for  chlorine  than  it  haa  for  oxygen.    This  chloride  h  a 

mpound  of 

1  atom  chlorine  .         .         4*5 

1  atom  potassium        .        .        5 


9-5 


t  possei^ses  the  cluiraeters  of  a  salt     On  that  account^  I  shall 
resen'e  the  description  of  it  to  the  second  vohnne  of  this  work. 

IV.  Potassium  combines  very  readily  with  bromine.  Simple  Bromw* 
exposure  to  the  vapour  of  bromine  is  sufficient  to  produce  the 
combination.  The  cul>ic  crystals  obtained  by  saturating  ether 
impregnated  with  bromine  and  evaporating,  constitute  bromide 
of  potassium.  Its  taste  is  sharp.  When  heated  it  de crepitates, 
and  melts  at  a  red  heat,  without  yndergoing  alteration.  At  a 
high  temperature  it  u  decomposed  by  chlorine;  but  iodine  has 
no  action  on  it  It  is  decomposed  by  sulphuric  acid,  which 
disengages  vapours  of  hydrol»romie  acid  and  bromine.  From 
e  analysis  of  Balard,  it  is  evidently  composed  of 

1  atom  bromine  .         ,  10 

1  atom  potiLssium         .         ,  5 


V.  Potassium  combines  with  iodine,  and  forms  a  compound 
inrhteh  we  shall  call  iodide  of  ^iotassium* 

When  the  vapour  of  iodine  comes  in  contact  with  potassium  Todid*. 

Jtlie  metal  takes  fire  and  l>urns  \dth  a  violet  coloured  flame, 

"^  while  the  iodine  is  absorbed.     The  compound  melts,  and  is 

Volatilized  at  a  temperature   below  redness.     On  cooling  it 

ges,  and  assumes  a  pearly  lustre.     It  dissolves  readily 

water,  and  the  solution  does  not  alter  vegetable  l>lues.    This 

[iodide  is  composed  of 

•  Batard,  Ann.  de  Chim,  et  de  Phy».  xxxii.  355. 
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1  atom  iodine  .         ,         15*75 

1  atom  potassium         ,         •  5 

It  possesses  also  the  cliaracters  of  a  salt,  and  will  come  under  ] 
our  view  hereafter. 

VL  When  potassium  is  heated  in  hydrogen  gas  a  portion  of! 
it  is  volatilized,  and  remains  mixed  with  the  gas.  The  hydro-  f 
gen  J  in  consequence,  acquires  tlie  power  of  burning  spontane- 
ously wlien  mixed  with  common  air  or  oxygen  gas.  But  if  the  i 
gas  be  kept  it  speedily  dej>osits  the  potassium,  and  is  reduced  i 
to  its  ordinary  state.  We  catniot^  therefore,  consider  tliis  as  e  I 
gaseous  compound  of  potassium  and  hydrogen. 

When  potassium  is  heated  in  hydrogen  gas,  there  is  a  par- 
ticular temperature  intermediate  between  a  red  heat  and  the 
common  temperature  of  the  air,  at  which  the  metal  absorbs  the  < 
gas  and  is  converted  into  a  ht/dreL     This  hydret  has  a  gray 
colour,  and  is  destitute  of  the  metallic  lustre.     It  is  infusible, 
and  does  not  burn  spontaneously  either  in  common  air  or  ' 
oxygen  gas.     In  water  it  is  converted  into  potash,  and  the 
hydrogen  which   it  contains  is   disengaged  along  with  what 
proceeds  from  the  water  decomposed**     According  to  Gay- 
LiLssac  and  Thenard,  to  whom  we  are  indebted  for  the  dis- 
covery of  this  hydretj  tlie  quantity  of  hydrogen  wliich  potassium 
absorbs  is  rather  more  than  ^^th  of  what  it  disengages  from 
W'atcr  when  converted  into  potash.   Now  1 00  grains  of  potassium 
evolve  from  water  116-4  cubic  inches  of  hydrogen.   The  fourth 
pari  of  116-4  is  29-1.     But  *29'1  cubic  inches  of  hydrogwi  gas  ! 
weigh  0'6!29  grain.    So  that  hydret  of  potassium  is  composed  of  ' 
Potassium         .         .  100  ,         5 

Hydrogen         .  .  0-629  .  0-0314 

But  0*0311   X  4  =  0'1256,  which  is  very  nearly  equivaleni  | 
to  the  weight  of  an  atom  of  hydrogen.     We  have   reason, 
therefore  J  to   conclude  that  this   hydret  is  a  compound  of  4 
atoms  potassium  and  1  atom  hydrogen*  If  so,  it5  constituents  are 
Potassium  .  ,         20 

Hydrogen         .  .  0-P25 


20-P25 
^^H  VII.  Nothing  is  known  respecting  any  compound  which 

^^"         potfissium  may  he  capable  of  forming  with  azote, 
fcartjuirt,  VUL   The  phenomeua  whicli  take  place  during  the  prepa- 

id ration  of  potassium  by  B runner's  method,  leave  little  doubt 

^ that  potassium  and  carbon  are  capable  of  combining ;  though 

^^^^^B  *  Recherches  Physico-chimiques,  i.  176. 
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carburet  of  potassium  has  neither  been  obtained  in  a  state  of  ^"^^7  ^ 
purity,  nor  has  its  composition  been  determined.  The  black 
matter  which  remains  in  the  retort  after  the  distillation  is  over, 
certainly  contains  potassium  united  to  carbon.  When  mois- 
tened with  a  little  water  it  tJikes  fire  and  burns.  Wlien  thrown 
into  water  it  is  decomposed  with  effervescence.  I  tried  to 
preserve  it  under  naphtha;  but  was  not  successful.  Probably 
the  same  carburet  exists  in  the  black  matter  which  chokes  up 
the  iron  tube  during  the  preparation  of  potassium  by  Brunner's 
method. 

IX-  No  experiments  have  hitherto  been  made  to  deterinine 
whether  boron  and  potassium  cora!>ine,or  the  nature  of  the  boret. 

X.   Silicet  of  potiissium  is  obtained  when  silica  is  decom-  siucet. 
posed  by  means  of  potassium.     It  is  a  brown  sulistance,  without 
any  metallic  lustre.     When  put  into  water  hydrogen  gas  is 
evolved  and  silica  formed. 

XL  When  potassinm  and  phosphorus  are  heated  together^  FbMphiirwt 
rounded  by  an  atmosphere  of  azotic  gas,  or  in  a  vacuum, 
key  unite,  and  in  the  act  of  combining  the  couipountl  becomes 
&d-hot     The  same  phosphuret  is  formed,  when  potassium  is 
'lieated  in   phosphuretted  hydrogen   gas,   pure   hydrogivn   gas 
being  left  if  the  quantity  of  potassium  be  sufficient,     This 
phosphuret,  as  formed,  has  a  chocolate  colour.     It  takes  fire  in 
the  open  air,  and  when  thrown  into  water,  the  evolution  of 
phosphuretted  hydrogen  gas  is  so  rapid  that  a  kind  of  explo- 
sion takes  place.      The  phosphuret  thus  farmed  contaius  an 
excess  of  phosphorus.     Rose  informs  us  that  when  a  current  of 
bydrogen  gas  is  passed  over  it,  while  lieated  in  a  glass  tube, 
til  all  the  excess  of  phosphorus  is  expel Icil,  it  crystallizes  on 
Jling,  has  tlie  metallic  lustre,  and  the  colour  of  capper.     No 
t tempts  have  yet  been  made  to  determine  the  composition  of 
lis  compound.      Rut  there  can  he  no  doubt  that  phospliorus 
id  potassium  are  capable  of  uniting  in  more  than  one  pro- 
ortion, 

XI L  For  the  investigation  of  the  sulphurets  of  potasshim  suiphurefai 
lire  are  indebted  to  Berzelius,  who  has  shown  that  the  two 
Fconstituents  combine  in  no  fewer  than  5  different  proportions.* 
Sulphuret  of  potassium  was  known  formerly  by  the  name  of 
^^  liver  of  mfiphur^  and  was  consideretl  as  a  compound  of  sulphur 
^Bftnd  potash.  BerthoUet  first  showed  that  wljen  dissolved  in 
^Bvater  it  contains  sulpliate  of  potashf.     And  he  considered  the 

t 


•  Kongl.  Vetens.  AcaU.  Haacil.  1821,  p.  SO.    f  Ann.  de  Chun.  xxv.  233. 
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solution  as  a  mixture  of  sulphate  of  potash  and  hydrosulphuret 
of  potash.  111  1817j  Vatiquelin  endeavoured  to  prove  that 
when  sulphur  and  potasli  are  heated  together,  a  part  of  the 
potash  is  converted  hito  potossiurn,  while  at  the  same  time  a 
portion  of  the  isulphur  is  acidified.  Consequently  that  the 
compound  obtained  is  a  mixture  of  sidphuret  of  potassium  and 
sidphate  of  potash,*  This  opinion  was  finally  verified  by  the 
experiments  of  Berzelins  above  referred  to. 
Biijptmret.  1*  Stifphurct  of  potmmim,      Berthier  has  shoi*Ti  that  this 

compound  is  obtained  liy  mixing  sulphate  of  potash  with  char- 
coal powder,  and  exposing  the  mixture  to  a  w^hite  heat  in  a 
covered  crucible.  It  may  be  procured  ali^o  by  heating  the 
same  salt  to  redness  hi  a  glass  or  porcekin  tube,  and  passuig 
through  it  while  in  that  state,  a  current  of  dry  hydrogen  gas* 
The  oxygen  by  either  of  these  processes  is  separated  from  the 
acid  and  the  base,  and  tlie  sulphin-  imd  potassium  left  in  com- 
bination. When  no  more  water  appears  tlie  process  is  termi- 
nated. It  is  obvious  (since  sulphate  of  potash  is  a  compound 
of  1  atom  sulphuric  acid  and  1  atom  potash),  that  tliis  sulp buret 
is  a  compound  of 

1  atom  sulphur  .         .         2 

I  atom  potassium         .         •         5 


It  has  a  dark  red  colour  like  cinnabar,  and  is  crystalline  in  its 
texture.  It  \s  not  very  combuslible.  Wlien  heated  before  the 
blow-pipe  it  burns  for  an  instant,  but  is  speedily  covered  by  a 
thin  coathig  of  sulphate  of  potash,  \^'hieh  protects  the  interior  por- 
tion from  the  air.  It  absorbs  moisture  from  tiie  atmosphere,  and 
runs  into  a  yellowish  liquid.     Its  solution  in  water  is  colourless. 

If  w^e  mix  together  very  intimately  two  parts  of  sulphate  of 
potash  and  one  part  of  lamp-black,  and  heat  tlie  mixture  to 
whiteness  in  a  covered  crucible,  w^e  form  a  pyrophorus,  the  least 
particle  of  which  scintillates  w^heu  exposed  to  the  air.  It  con- 
stitutes the  pyrophorus  of  Homherg.  The  combustibility  Is 
owing  in  this  case  to  the  minute  state  of  division  of  the  sulphu- 
ret  of  potassium,  and  its  intimate  mixture  with  the  excess  of 
charcoul  employed  to  reduce  the  sulphate* 

This  compoimd  may  be  obtained  in  the  liquid  way  by  the 
following  process  contrived  by  Berzelius :  Take  a  solution  of 
caustic  potash  and  divide  it  into  two  equal  portions.     Saturate 


*  Annt  de  Chim.  et  de  Phys,  vi,  5. 
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one  of  these  portions  with  sulphuTetted  Iiytlragen  gas,  put  the 
saturated  solution  into  a  retort  through  wJiich  a  eurrent  of 
hydrogen  gas  is  made  to  pass,  and  heat  it  to  tlrive  off  all  excess 
of  sulphuretted  hydrogen  gas.  The  potassium  in  this  process 
combines  first  with  suljdiur*  aiid  afterwards  with  sulphuretted 
hydrogen.  Or  in  reality  (as  I  have  found  by  experiment)  the 
liquid  contiuns  a  compound  composed  of 

I  atom  bisulphuretted  hydrogen         .         .         5 
1  atom  potassium  ....         5 


10 


When  the  other  portion  of  caustic  potash  is  added  the  whole 
is  converted  into  sulphuret  of  potassinm.f  If  we  evaporate  the 
liquid  while  a  current  of  hydrogen  gas  passes  over  it,  we  obtiiin 
a  thick  colourless  magma  win  eh  does  not  crystallize.  A  little 
alcohol  being  added  the  sulphuret  separates  in  the  state  of  an 
oleaginous  liquid,  which  is  redissolved  by  an  additional  dose  of 
alcohol.  Ti»e  taste  of  this  liquid  is  exceedingly  alkaline,  and 
it  acts  as  an  alkali  upon  the  ej>i dermis  and  cuticle.  It  restores 
its  blue  colour  to  reddened  litmus  paper.  Berzelius  says  that 
it  does  not  remove  the  epidermis  of  the  tongue,  an  experiment 
which  I  have  not  tried. 

This  sulphuret  possesses  the  characters  of  a  base,  and  unites 
with  most  of  the  sulphur  acitls  into  sulphur  sidts. 

2.  Bmilpkuret  of  intkismmL  This  compomid  is  obtained  by  Buiiiphum, 
difl^lviag  the  hydrosulphuret  of  potassium  in  alcohol,  leaving 
the  solution  exposed  to  the  air,  till  it  begins  to  become  muddy 
on  the  surface,  and  then  evaporating  it  to  dryness  in  vacuo. 
This  bisulphuret  has  an  orange  colour  ;  its  texture  is  not  cry^s- 
talline;  it  enters  easily  into  fusion.  Hydrosulphuret  of  potas- 
sium is  a  compound  of  1  atom  bisulphuretted  hydrogen  and  1 
atom  potassium.  When  the  solution  is  exposed  to  the  mr  the 
hydrogen  in  the  first  place  absorbs  oxygen,  imA  is  converted 
into  water.  The  liquid  becomes  muddy  on  the  surface  as  soon 
as  the  sulphur  begins  to  unite  to  oxygen.  It  is  obvious  from 
this  statemejU  that  bisulphuret  of  potassium  is  a  compound  of 
2  atoms  sulphur  .         .         4 

1  atom  potassium         ,         .         5 


9 


•  The  hydrc^en  being  employed  to  reduce  liie  potassium, 
f  Because  the  atom  of  hydrogen  is  employed  m  converting  the  new  doi^e 
of  poUsh  into  potassium. 
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in        3^  Tersidphuret  qfpotasmtm  is  obtained  by  passing  a  cof- 
Terfuipiiuret.  ^^^^  **^  bisulphuret  of  carbon  vapour  over  carbonate  of  po^J 
,  heated  to  redness  an  long  as  a  permanent  gas  is  di^^ngageA   ftl 

may  be  obtained  still  more  easily  (but  mixed  niritli  sulpljatetf 
potash)  by  beating  a  mixture  of  35  parts  of  carbonate  of  pflbA 
and  20  parts  (at,  lea^t]  of  sulphur  in  a  glass  vessel,  and  kefjnf 
the  mixture  in  a  state  of  fusion  at  an  incipient  red  beat,  I 
the  ebullition  produced  by  tbe  escape  of  carbonic  acid  gas  ill 
an  end.     In  this  ease  tbe  oxygen  from   three-fourths  of  it 
potash  unites  with  and  acidifies  a  quantity  of  sulphur  enrtlf  1 
capable  of  saturating  one-fourth  of  the  potash,  which  eontiMtf 
unaltered*     Thirty-five  carbonate  of  potash  contains  24  pattk 
which  may  be  considered   as    the    equi^^alent    for   4 
Eighteen  or  three  of  these  atoms  give  out  their  oxvg 
are  reduced  t^  potassium.     Tlie  three  oxygen  tlius  diseiigip' 
unites  uith  2  sulphur,  and  converts  it   into   gulphuric  i£^. 
which  combines  with  the  6  potash  still  continuing  unaltered 
Thus  we  have 

1  atom  sulphate  of  potash  1 1 

3  atoms  lersulphuret  of  potassium,  5  —    ^    ,  . 

^  ^  t6  X  3=  ISmifktL 

It  is  obvious  from  all  this  that  the  sulpburet  formed  is  a  cofr 

pouiid  of 

3  atoms  sulphur     =  O 

1  atom  potassium  ^  5 


(2i»teffiniU 
pturet. 


11 

So  that  its  atomic  weight  is  11 . 

This  is  the  sulphuret  usually  formed  when  sulphur  anJ " 
alkaline  carbonate  are  fused  together.  It  is  black  andop^ 
while  in  a  state  of  fusion ;  but  when  cold  it  has  an  he^ 
colour,  or  the  colour  of  common  liver  of  sulphur.  If  we  eni^'*' 
less  than  B  sulphur,  the  whole  carbonate  of  potasb  »  ^ 
decomposed  and  continues  mixed  with  the  sulphuret-  bi**^ 
cases  we  have  tersulphuret  of  potassium,  niixetl  both  ^ 
sulphate  and  carbonate  of  potash.  If  w^e  expose  such  a  mi^ 
to  a  white  heat,  the  carbonic  acid  gas  is  driven  oflF  and  ti&isi^ 
ret  of  potassium  formed, 

4.  Qjmtersulpkuret  of  pot  asm  um  may  be  obtained  bfptf^ 
tlie  vapours  of  bisulphuret  of  carbon  ov^er  sulphate  of  vt^ 
heated  to  redness,  till  all  disengagement  of  carbonic  acwll* 
at  an  end.     Or  we  may  fuse  carbonate  of  potash  with  no  eJ** 
of  sulphur,  and  after  driving  oiF  the  excess  of  sulphur  br^^ 
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pass  a  current  of  swlphnrettetl  byfirogeii  over  it  at  a  red  heat,    ^^^^j  J- 
till  tlie  sulphate  of  potaiih  contained  in  it  be  completely  deeom-  _'^ 
posed. 

This   Bulphuret   resembles   the   preceding  in  appearance. 
From  the  analysis  of  Rerzeliua  it  is  a  compound  of 

4  atoms  sulphur  •         .         8 

1  atom  potassium         ,         .  5 


1 


la 

So  that  its  atomic  weight  is  L3. 

5.  Pfrr*w//?Awre^o/'/>o/flr,*f^«w/rt  may  be  obtained  by  the  following  pcriui^huttt, 
process:  Mix  together  05  parts  of  carbonate  of  potash  and  32 
parts  of  sulphur,  and  fuse  tlie  mixture  in  a  glass  vessel.  The 
combination  takes  place  at  the  temperature  at  which  the  sulphur 
fiises.  In  this  case  also,  one  quarter  of  the  potash  is  converted 
ijito  sulphate,  while  the  other  three-fourths  are  reduced  to  the 
gtate  of  potassium,  and  unite  \rith  the  sulphur  not  acidified. 
Tlie  potash  in  35  parts  of  carbonate  weighs  24,  equivalent  to 
4  atoms:  the  sulphur,  12,  is  equivalent  to  6  atoms.  Two 
sulphur  unite  to  3  oxygen,  derived  from  the  reduction  of  three 
atoms  of  the  potash  to  potassium.  The  5  sulphuric  acid  unite 
with  6  potiish,  and  form  1 1  sulphate  of  potash.  There  remain 
13  potassium  and  30  sul|>hur,  which  obviously  enter  into  com* 
bin  at  ion.  Dividing  by  3  {because  there  are  3  atoms  of  potas- 
sium) we  have  5  potassium  and  10  sulphur^  which  is  obviously 
equivalent  to 


P 


5  atoms  sulphur 
1  atom  potassium 


10 
5 

15 


So  that  its  atomic  weight  is  15. 

This  persulphuret  constitutes  the  common  liver  of  sulphur 
of  chemists*  To  obtain  it  free  from  all  mixture  of  sulphate  of 
potash,  we  have  only  to  take  one  of  the  preceding  sulpluirets, 
formed  by  means  of  sulphuretted  hydrogen  or  bisulphuret  of 
carbon,  and  fuse  it  with  an  excess  of  sulphur,  till  all,  except 
what  enters  into  combination,  is  expelled. 

It  has  a  deep  liver  colour.  It  absorbs  moisture  from  the 
atmosphere,  and  at  the  same  time  gives  out  tlic  smell  of  sul- 
phuretted hydrogen.  When  hept  in  badly  corked  phials  it 
becomes  white  on  the  surface  in  consequence  of  the  absorption 
of  oxygen.     Adds  disengage  from  it  sulphuretted  hydrogen 
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cJwp-  "I.  gas,  while  sulphur  precipitates.  When  poured  into  muriatic 
acid,  not  too  strong,  bisulphuretted  hydrogen  is  disengaged. 
When  heated  with  the  metals,  it  converts  them  all,  without 
exception,  into  sulphurets,  and  several  of  them  have  the  pro- 
perty of  uniting  with  the  sulphuret  of  potassium,  and  forming 
with  it  a  sulphur  salt 

Besides  these  five  sulphurets,  for  a  knowledge  of  which  we 
are  indebted  to  Bej^elius,  there  are  two  others,  which  seem  to 
consist  of  two  of  these  sulphurets  united  together. 
J52SJ2'"  6-  The  first  is  a  compound  of  one  integrant  particle  of  ter- 
sulphuret,  with  one  integrant  particle  of  quatersulphuret 
Berselius  obtained  it  by  passing  a  current  of  sulphuretted 
hydrogen  gas  over  red-hot  sulphate  of  potash,  till  the  formation 
of  water  by  the  mutual  action  of  the  gas  and  the  salt  are  at  an 
end*  When  cold  this  sulphuret  is  transparent,  and  has  a  fine 
wine  red  colour.  According  to  the  analysis  of  Berzelius  it 
consists  of 

3}  atoms  sulphur  ...         7 

1    atom  potassium  ...         6 

12 

Or  it  is  a  compound  of 

1  atom  tersulphuret  .         .         11 

1  atom  quatersulphuret         .         •         13 

24 
This  is  equivalent  to 

2  atoms  potassium        .         .         .         10 
7  atoms  sulphur  .         .         .         14 

24 
7.  The  other  compound  sulphuret  is  intermediate  between 
the  quatersulphuret  and  persulphuret.  It  was  obtained  by 
Biixing  quatersulphuret  of  potassiimi  with  sulphur,  heating  the 
mixture  to  incipient  redness,  and  in  that  state  passing  a  cur- 
rei^t  of  sulphuretted  hydrogen  over  it,  till  no  more  sulphur  is 
distilled  over.  According  to  the  analysis  of  Berzelius  it  is  a 
compound  of 

4^  atoms  sulphur  •         .         9 

1    atom  potassium        .        .         5 

14 
Or  we  may  consider  it  as  a  compound  of 


RdphiirtC 
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1  Btom  qiiatersulphuret 
1  atom  persulphiiret 


Thk  is  the  same  tbmg  as 

2  atoms  potassium 

9  atomis  sulphur 


28 

10 
18 


28 
Thus  it  appears  that  the  sulphiirets  of  potassium  are  as  follows* 


PDUieium, 

Sulphur, 

Atomic  w 

1. 

Sulphuret              1  atom  +  1  atom 

7 

2. 

Bisulpliuret            1 

+  2 

9 

3. 

Tersulphuret         1 

+  3 

11 

4. 

Quatersulphurct   1 

+  4 

13 

5. 

IVrsulphuret         1 

+  5 

15 

6. 

Ter-quaterstilph.  2 

+  7 

24 

7. 

Quater-persulplu  2 

+  9 

2B 

XIIL  When  selenium  ami  potassium  are  heated  together  seknict. 
they  combine  witli  the  evolution  of  a  red  lieat,  which  sublimes 
a  portion  of  tlie  compound.  The  scleniet  of  pot*issium  has  the 
metallic  lustre  and  tlie  colour  of  iron.  Its  fracture  is  crystal- 
line and  radiated.  It  dissolves  in  water  without  tlie  evolution 
of  any  gas  in  consequence  of  the  great  solubility  of  selenietted 
hydrogen  gas  in  water.  The  liquid  lias  a  deep  red  colour. 
Acids  pre cipi tilt e  selenium  from  it.* 

XIV,  Arsenic   combines    readily  with   potassium    by   the  Amnkt, 
application  of  a  moderate  heat.     Light  is  evolved  during  the 
combination.     This  anieniet  has  a  brow^l  colom-,  and  little  of 

the  metallic  lustre.  When  put  into  water  much  less  hydio- 
geo  gas  is  evolved  than  would  have  appeared  if  the  potassium 
had  not  been  alloyed  with  the  arsenic*  The  reason  is  ttiat  a 
portion  of  it  remains  combined  w^th  the  arsenic,  formiiig  a 
Bolid  hydret  of  arsenicf 

XV.  The  aUoy  of  tellurium  and  potassium  may  be  obtained 
\  by  exposing  a  mixture  of  tellurate  of  potash  and  charcoal  to  a 

strong  heat  in  a  well  covered  crucible. 

X  VL  SeruUas  formed  the  alloy, antimony  and  potassium,  by  Antim«ii«t. 
exposing  to  a  strong  heat,  an  intimate  mixture  of  equal  weights 
of  bitartrate  of  potash  and  antimony  in  powder.     The  heat 


•  Berzcliiw,  Ann.  de  Chim*  et  de  Pliys.  ix.  24  L 

t  Gajr-Lussac  and  Theimrd.     Recherches  Physico-chimiquea^  i,  88^ 
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^^"^  "^  must  be  at  first  gentle,  and  after  every  tiling  which  is  volatile 
at  a  red  heat  has  been  driveji  off,  it  must  be  rai^^ed  aud  kept 
for  some  hours  iu  a  white  beat.  It  has  a  grayish  black  colour, 
aud  is  more  porous,  softer,  and  less  brittle  tlian  antimony. 
When  poundetl  it  gives  out  sparks.  When  left  exposed  to  the 
air  it  becomes  hot,  and  burns  the  paper  iu  which  it  wiis  MTupt. 
It  decomposes  water  and  alcohol  with  considerable  energy. 
Mercury  separates  the  potassium  and  leaves  the  antimony.* 

XVI L  Nothing  is  known  respectiug  the  alloys  which  potas- 
sium may  be  capable  of  forming  with  chromium^  uranium, 
molybdenum,  tungsten,  titauium,  and  columbium. 


SECTION  IK OF  iiODIUM, 

s,jd^  Soda,  called  also  fossil  or  mineral  afkaiiy-\  because  it 

tbought  peculiar  to  the  mineral  kingdom,  was  known  to  the 
ancients  (rhougb  not  in  a  state  of  purity)  nuder  ibe  names  of 
w7^ojr  and  nitrum.l^ 

Fraptntion,  It  IS  fouud  IU  large  quantity  combined  with  carbonic  acid  in 
Egj^pt  and  some  other  parts  of  Africfi,  and  combined  with 
nitric  acid  in  Peru;  but  the  great  source  from  which  it  is  pro- 
cured is  common  salt,  which  exists  iu  vast  quantity  dissolved  in 
the  waters  of  the  oceaUj  and  constitutes  thick  beds  deposited 
usually  iu  the  new  red  sandstone  formation.  Common  salt  is 
a  chloride  of  sodium,  and  the  soda  of  commerce  which  is  now 
used  in  sucb  quantities  in  Great  Britain,  is  all  extracted  from 
common  salt.  The  usual  process  is  to  convert  the  common 
salt  into  mdplmte  of  soda  by  means  of  sulpliuric  acid.  The 
sulphate  of  soda  is  heated  with  saw-dust  or  small  coal,  which 
reduces  the  salt  to  sulphuret  of  soduim.J  This  sulphuret  of 
sodium  is  heated  in  a  furnace  along  with  sjiw-dust,  the  sulphur 
gradually  makes  its  escape,  the  sodium  is  oxidized  and  com- 
bines witli  tlie  carbonic  acid  evolved.  The  matter  is  now 
digested  iu  water,  which  is  lioiled  down  to  the  requisite  con- 
sistency^  and  then  allowed  to  crystallize  in  large  flat  iron  ves- 


♦  Ann-  ile  Miticsj  vL  127. 

t  Kiaproth  called  it  na/rowj  and  the  German  and  Swedish  chemists  have 
folio wetl  his  example. 

J  The  XiT^of  of  the  Athenians  was  evidently  the  same  substance;  and  so 
Vim  the  ini  of  the  Hebrews. 

§  There  are  strong  reasons  tor  believing  that  dtiring  this  part  of  the  pro- 
cess, considerable  tjuantities  of  bodiinn  are  driven  off  and  tost.  This  I  pre- 
aunie  is  the  cause  of  the  very  considerable  deficiency  of  the  soda  wbicb  a 
given  weight  of  common  salt  ought  to  yield. 
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sek*     The  crystals  are  redissolved  in  \^*ater,  and  purified  by    ^^^^r  ^ 
a  gecond  crystallixation.     The  carbonate  of  soda  thus  obtained         ^ 
is  in  large  white  crystals,  and  is  a  compound  of 

1  atom  carbonic  acid         .         ,  2*75 

1  atom  soda  ,  .  •  4' 

10  atoms  water  .         .         .  11-25 


18- 
It  Is  never  quite  free  from  sulphate  of  soda;  but  the  quantity 
present  is  snialL     Two  hundred  parts  of  the  salt  usually  con- 
tain about  1  part  of  sulpluiric  acid. 

Carbonate  of  soda  was  ori«finally  obtained  from  the  ashes  of 
different  species  of  the  misokt,  a  genus  of  phuits  which  grow 
upon  the  sea-shore^  especitdly  from  the  xahohi  sftda^  from  which 
the  alkali  hiis  obtained  its  name.  This  impure  soda  h  also  called 
hariila^  beeaiLse  the  plant  from  which  it  is  obtained  bears  that 
name  in  Spain.  Almost  all  the  al^«  especially  the  fuci,  con- 
tain also  a  constderuble  quantity  of  soda.  The  ashes  of  these 
plants  are  knovv^l  in  this  country  by  the  name  ofAelp;  in  France 
they  are  called  varec* 

Soda  and  potash  resemble  eacli  other  so  nearly  that  they 
were  confounded  together  till  Du  Ham  el  published  his  disser- 
tation on  common  sidt  in  the  Memoirs  of  the  Frencli  Academy 
for  17*36.  He  first  proved  that  tlie  biisc  of  common  salt  is  soda, 
and  that  soiia  is  different  from  potitsh.  His  conclusions  were 
objected  to  by  Pott,  but  finally  confirmee!  by  Marj^raffiu  1758.* 
Soda  may  he  obtain eil  from  its  carbonate  in  the  state  of 
hydnite  by  the  very  same  process  as  potash.  It  has  a  grayish- 
wliite  colour,  and  agrees  exactly  with  potash  in  its  taste,  smell, 
and  action  upon  animal  borlies. 

Heat  produces  on  it  exactly  the  same  effects  as  upon  pot;ish. 

'  Mlien  exposed  to  tlie  air,  it  absorbs  moisture  and  carbonic 
acid,  and  is  soon  reduced  to  the  consistence  of  paste ;  hut  it 
does  not  liquefy  like  potiish;  in  a  few  days  it  becomes  dry  again, 
and  crumbles  into  powder. 

Many  contradictory  opinions  respecting  the  component  parts 

iof  ^a  were  advanced  by  different  chemists.  At  last,  in  1B06, 
Sir  Humphry  Davy  succeeded  in  decomposing  it,  by  the  same 
process  which  enabled  him  to  obtain  tbe  basis  of  potasti.  Like 
tlmt  alkali  its  basis  is  a  metal,  and  Davy  distinguished  it  by 

pihe  name  of  sodinm^ 

•  Opuac*ii.  331. 

t  The  German  and  Swedish  chemists  call  it  natrium  or  natron. 
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Propcrtiet. 


Davy  published  a  fiill  account  of  its  properties  goon  after  its 
discovery.*  Gay-Liissac  and  Tlienarrl  succeeded  in  pracuring 
it  in  large  quantities  by  the  process  described  in  tlie  last  section 
for  obtaining  |>otassium*  They  likewise  examined  its  proper- 
ties in  detail,  ami  published  an  elaborate  accoont  of  them-t 
Berzelius  made  a  set  of  very  careful  experiments  in  order  to 
determine  the  proportions  in  which  it  combines  with  oxygen 4 

It  is  not  so  easy  to  obtain  sodium  by  the  process  of  Gay- 
Lussac  and  Thenard  as  it  is  to  obtain  potassium,  Thenard 
informs  us  that  the  process  is  greatly  facilitated  by  fusing  in 
the  first  place  the  hydrate  of  soda  with  a  little  hytlrate  of  pot- 
ash :  and  the  sodium  when  obtained  is  easily  freed  from  the 
potassium  by  keeping  it  for  some  days  in  an  open  vessel  under 
a  layer  of  rectified  oil  of  turjientine  or  naphtlia,  which  dissolves 
the  potassium,  but  leaves  the  sodiooi  untouched,  Herman 
assures  us,  that  if  we  employ  tartrate  of  soda  we  may  obtain 
sodium  by  Brunner's  process  with  as  much  facility  as  potassium 
from  cream  of  tartar. 

Sodium  is  a  white  metal,  ha\dng  a  colour  intermediate  between 
that  of  silver  and  lead.  At  the  common  temperature  of  the  air 
it  is  solid  and  very  malleable^  and  so  soft  that  pieces  of  it  may 
be  welded  together  by  strong  pressure.  It  retains  its  softness 
and  malleability  at  the  temperature  of  32°.  It  is  an  excellent 
conductor  of  electricity.  Its  specific  gravity  is  0'97'223.}  It 
melts  wdien  heated  to  the  temperature  of  104°,  ||  and  requires  a 
much  higher  temperature  to  l)e  volatilized  than  potash,  Davy 
found  it  to  remain  fixed  at  a  heat  which  melted  |date  gla;ss. 

II.  Its  affinity  for  oxygen  is  similar  to  that  of  potassium. 
MTien  exposed  to  the  air  it  speedily  is  converted  on  the  surface 
to  soda.  As  soda  deliquesces  much  more  slowly  than  potash, 
a  globule  of  sodium  is  not  so  soon  destroyed  by  exposure  to  the 

I  atmosphere  as  a  globule  of  potassium.  WTien  put  into  water 
that  liquid  is  rapidly  decomposed ;  its  hydrogen  escapes  in  the 
state  of  gas  while  its  oxygen  converts  the  sodium  into  soda. 
WTien  thrown  upon  water  it  does  not  take  fire  as  potassium 
does.  This  Serullas  ascribes  to  its  great  mobility  eompare<l 
to  that  of  potassium.     And  he  says  that  if  sodiiun  be  placed  in 


contact  with  a  little   water,   thickened   by  gum,   it  is   then 


♦  Phil.  Trans.  3808,  p.  L 
f  Ann,  de  Chim*  Ixxx.  245. 

§  By  the  experiments  of  Gay-Lussac  and  Thenard^ 
0*9348.     But  his  experiment  waB  on  a  very  raimite  acale. 
f]  Gay-Lussac  and  Thenard. 


f  Eecherches  Physico-cliimiques,  i^,  97. 
Bavy  makes  it 
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arrestetl,  and  enough  of  heat  Is  speedily  generated  to  set  the 
godinni  on  fire.  Sodium  bums  witli  a  yeUowii!ih  flame j  while  that 
of  potassium  is  reddish,*  When  a  piece  of  sodium  is  thrown 
on  mercury,  Serulhts  assures  us  that  it  is  thrown  off  occasionally 
by  a  small  explosion,  aceompaniod  by  the  evolution  of  heat  and 
light,  while  uothiu^iT  similar  to  this  happetiH  with  potussium. 

I     Sodium  forms  the  sanu^  immber  of  compounds  with  oxygen 
that  potassium  does. 
1,   The  ^suboaide  is  obtained  iu  the  same  way  as  the  suboxide 
of  potassium,  which  it  resembles  exactly  iu  its  characters,  and 
the  same  uncertainty  exists  whether  it  he  a  chemical  com  pound, 
m  a  mixture  of  sodium  and  soda. 
2.  Swia  is  formed  when  the  metal  U  brought  iu  contact  with 
water.     From  the  experiments  of  Cray-Lussac  and  Thcnard, 
it  appears  tliat  38*394  gniins  of  sodinm,  when  converted  into 
soda  by  decomposing  water,  occjision  the  e\'i>lutiou  of  a  quan- 
tity of  hycbogeu  gas,  which,  at  the  temperature  of  60^,  and 
when   the    barometer  stands   at   t2J)*88*2   inclieS|   amounts   to 
7G*4^37  cubic  inches.f    Therefore,  supposing  t!ic  barometer  at 
30  ineliesj  the  amount  would  be  76*14  cubic  biches.     Conse- 
quently 100  grains  of  sodium  would  cause  the  evolution  of 
9R'30  cubic  inches  of  hydrogen  gas.    The  quantity  of  oxj^gen 
'which  united  to  the  sodium  to  convert  it  into  sofhi  mu'^t  have 
been  equivident  to  09-15  cubic  iuches,  iunountiug  iu  weight  to 
,S4*29o  grains.    According  to  these  data,  soda  is  composed  of 
Sodium         .         .         100 
Oxygen        ,         .  34*295 

ierzelius  found  that  100  sodinni,  when  converted  into  soda, 
[combine  witli  34-01  parts  of  oxygen,!  ^'hich  he  afterwards 
corrected  into  34-52.5     I^avy  says,  that  from  a  eareful  set  of 
experiments  which  he  made  on  the  subject,  he  found  soda  a 
compound  of  from  75  to  73  sodium,  and  from  25  to  27  oxygen.  |t 
Now  the  mean  of  the  experiments  of  Gay-Litssfic  and  Tbenard, 
id  of  those  of  Berzelius,  give  34*4  as  tlie  quantity  of  oxygen  ; 
while  one  of  Davy's  re^uItH  U  33.i.      I  think,  therefore,  we 
cannot  hesitate  to  conclude  that  Bodiunij  iu  order  to  be  con- 
erted  into  soiht,  must  combine  with  exactly  one-third  of  itg 
ight  of  oxygen.     Hence  soda  h  composed  of 
Sodium  ,         .  100 

Oxygen         -         .  33-3 


Sectn. 


Soda. 


•  Ann.  de  Chim,  et  de  Phys,  \1.  329, 
+  Rechcrches  Physico-chiiniques,  J.  1 2  K 
S  Anna!*  of  PhiloBophy,  iii,  360. 


I  Ann.  de  Chim.  hxx.  251, 
K  Ann.  de  Chitn.  kxx.  251. 
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If  we  consider  soda  as  a  compound  of  1   atom  sodium 
atom  axy^t^tn  the  weight  of  an  atom  of  soditun  will  be3>j 
the  weiglit  of  an  atom  of  s.o<Ia  4. 

Pure  soda  has  a  j^ay  colour,  is  a  non-conductor  of  dectri- 
city»  ha.s  a  \itreous  fracture,  and  requires  a  strong*  red  hett  tt 
melt  it.  When  a  little  water  is  added  the  soda  combines  witl 
it  rapidly,  evolving  considerable  heat;  it  becomes  at  tlif  aw 
time  white,  crystallized  In  its  texture,  and  much  morefaik 
than  formerly.  In  tliis  state  it  is  a  hj^drate  of  sodi,^ 
when  pure,  is  a  compoutid  of  I  atom  soda  and  1  atom  \ 
or  is  composed  by  weight  of 

Soda  ,  •  4  .  .  100 

Water        •         •  M25  ,  ,  281 

D'Areet's  analysis  gives  us  the  hydrate  of  soda  composei^ 
100  soda  +  ;18'8  water/  while  that  of  Berard  gives  i»4 
position    100  soda  +  !23*2  water.f      Now  the   mean  oftirfl 
two  f^ives  100  soda  +  31  water,  which   differs  as  little  tftf] 
well  be  expected  from  the  theoretic  number,  when  W€  otn 
the  strong  tendency  that  soda  has  to  unite  with  morei 
It  dissolves  very  readily  in  water,  and   may   be  obtaUMili| 
crystals  by  e\'JiporalIng  the  aqueous  solution. 

Tlie  following  table  by  Dalton  exhibits  the  weig-fctof^i 
contained  in  aqueous  solutions  of  different  specilic  gnfifKi- 


Sp.  gwrtty. 

Soda 

IK*  coil. 

Boiiiat 

pctat 

S(p,  gnrily. 

1       SqiU 
percent. 

BoiUi« 
polM. 

2-00 

77-8 

1-40 

29-0 

242" 

1-85 

6;3-6 

600O 

1'36 

260 

ms 

1-72 

33-8 

400 

1-32 

23-0 

228 

1-63 

46-fi 

300 

1-29 

19-0 

224 

1-36 

41-2 

280 

1'23 

160 

220 

1-50 

36-8 

263 

1-18 

130 

217 

1-47 

340 

255 

M2 

90 

214 

1-44 

31 

298 

1'06 

4-7 

213 

3.  Tlie  peroxide  of  sodium  was  discovered  by  G*y-l 
and  Tbenard.  It  is  easily  formed  by  heating^  sodium  iii*B!?| 
gas.  It  burns  with  great  splendour,  and  combi&e»  «i^fl 
maximum  of  oxygen. 

The  peroxide  of  sodium^  when  pure,  is  of  a  dirty  | 
yellow  colour.  It  is  fusible  when  heated,  but  require*  i 
higher  temperature  than  the  peroxide  of  potassium  for  its  f 
When  introduced  into  water,  it  is  reduced  to  soda»  gi^ 
the  excess  of  oxygen  whicli  It  contains.  From  the  experio* 
•  Ami.  de  Chim.  Ixviil  175,  and  Ixxi.  20.      f  Ana.  de  CliiliLtai* 
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of  GaV'Lusftac  and  Thenard,  it  appears,  tliat  sodium  in  the    ^*°*"'  ^ 

peroxifie  is  united  with  \^  times  as  much  oxygen  as  in  soda-*  

Henoe  it  is  composed  of 

1    atom  sodium         •         •         -3 

1^  atom  ox)'gen         •         .  1*5 

4-5 

III.  Chlorine  and  sodium  unite  with  great  energy,  farming  chiari4c 
chloride  of  mdium. 

When  sodium  is  introduced  into  chlorine  gas,  it  tiikes  fire 
spontaneously  and  burns  vividly,  emitting  briglit  red  sparks. 
ThesubsUmce  formed  is  eltionflc  of  sotiium.  It  may  he  formed 
likeunse,  by  passing  a  current  of  cldorine  gas  over  socbi,  pre- 
viously heated  to  rednens.  Tlie  soda  gives  out  its  oxygen  in 
the  state  of  gas»  and  is  converted  into  a  chloride.f  It  is  com- 
poeed  of 

1  atom  chlorine  .         .         4*5 

1  atom  sodium  .         ,         0 

7-5 

It  ha8  been  long  known  under  the  name  oi  common  mlt^  and 
will  be  described  in  a  subsequent  part  of  this  work,  as  will  a!so 
the  bromide  and  iodi<le  of  sodium,  which  also  possess  tlie 
characters  of  salts. 

IV.  The  combinations  of  sodium  with  carbon,  boron,  silicon, 
phospliorus,  sulplmr^  selenium,  &c.  are  so  similar  to  the  com- 
pounds of  the  siiine  Inxlies  with  potassium  that  it  seems  unne- 
oeMary  to  enter  into  any  details  respecting  them. 

Vi  Sodium  unites  with  arsenic  when  placed  in  contact  with 
It,  and  Kibed  to  a  cherry *red  heat.  A  feebh^  light  Is  emitted 
at  the  moment  of  combination.  An  alloy  of  1  volume  sodium 
and  3  volumes  of  arsenic  has  a  gniyish  white  colour,  is  brittle, 
iji  fine  granular,  and  has  a  strong  taste.  It  is  rapidly  decom- 
posed in  the  open  air.  Wlien  put  into  water  it  is  soon  sepa- 
rated into  scHla  and  a  brown  powder  which  is  a  hydret  of 
ai^tenie.  Some  hydrogen  gas,  likewise,  makes  it,s  escape.  An 
sdloy  of  2  volumes  sodium  and  I  volume  arsenic  has  a  brown 
colour  and  earthy  aspect  without  any  metallic  lustre.  Water 
producer  on  it  the  sanu*  effects  as  upon  die  last-mentioned 
ftUoy4 

•  Reeherchen  Physico-chimiqucs,  i.  1 5?.  f  Davy. 

\  Recherche*  PhyAico-cliimiques,  i-  244. 
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chap.ia        'YY^Q  gji^y  Qf  sodium  and  antimony  is  very  similar  to  that  of 
potassium  and  antimony. 

No  experiments  have  been  made  to  determine  the  nature  of 
the  alloys  which  sodium  may  form  with  chromium,  uranium, 
molybdenum,  tungsten,  columbium,  and  titanium. 

SECTION  III. OF  LITHIUM. 

Htatory.  In  the  mine  of  Uto  in  Sweden  there  occurs  a  mineral  which 

was  first  distinguished  by  D'Andrada,  under  the  name  of 
Petalite;  but  which,  though  known  to  mineralogists  for  several 
years,  has  only  lately  attracted  the  attention  of  chemists. 

1.  This  mineral  has  never  been  found  crystallized;  but  a 
twofold  cleavage  may  be  observed  in  it  parallel  to  the  faces 
of  a  rhomboidal  prism.  One  of  these  cleavages  is  splendent, 
and  the  other  duU.  The  two  diagonals  of  a  rhomboidal  &ce 
are,  according  to  Haiiy,  to  each  other  as  \/l.*3:  \/2;  conse- 
quently the  opposite  angles  are  137®  8^,  and  42°  b^.*  Its 
colour  is  white  with  a  very  faint  tinge  of  red,  or  blue,  or  green. 
Its  longitudinal  fracture  is  foliated,  the  cross  fracture  small 
conchoidal,  or  sometimes  fibrous.  Its  external  lustre  approaches 
the  pearly ;  but  internally  the  lustre  is  nearly  vitreous.  Its 
specific  g^vity,  according  to  Arvedson,  is  2*42.  It  is  translu- 
cent, and  in  thin  pieces  nearly  transparent;  and  it  refracts 
singly  at  least  when  the  object  is  seen  through  parallel  faces 
of  the  mineral.  Its  hardness  seems  to  be  very  nearly  the  same 
as  that  of  felspar.  It  readily  scratches  glass.  Felspar  is  not 
capable  of  scratching  it.  Before  the  blow-pipe  its  fusibility  is 
nearly  the  same  as  that  of  adularia.  The  glass  when  completely 
fused  is  transparent,  interspersed  with  small  air-bubbles.  It 
melts  into  a  colourless  glass  with  borax.  And  when  digested 
in  acids,  it  is  partly  decomposed.  This  mineral  drew  the  atten- 
tion of  Arvedson,  a  pupil  of  Berzelius,  who  found  it  composed 
of  silica,  alumina,  and  an  alkali.  A  loss  of  weight,  which  took 
place  in  three  several  analyses,  induced  him  to  examine  the 
nature  of  this  alkali.  He  found  its  properties  peculiar,  and, 
at  the  suggestion  of  Berzelius,  distinguished  it  by  the  name  of 
lithia.\ 

There  are  several  other  minerals  in  which  this  alkali  is 
found,  though  always  in  small  quantity.  Spodumene  is  the 
most  productive;  though  even  in  that  mineral  the  quantity 

♦  Ann.  de  Chim.  et  de  Phys.  x.  84. 

f  From  >i^o(,  a  stone.  See  his  experiments,  Kongl.  Vetensk.  Acad. 
Handl.  1818,  p.  23.  Gmelin's  experiments  are  in  Gilbert's  Annalen,  Ixii.  405. 
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npes  not  amoiirU  to  8  per  ceiiL     It  exists  also  in  amhfufomfe^    F»miiy  i. 

In  ""  Sott,  lit. 

HH^eh  is  a  tloiihio  pliospliato  of  alumina  and  litliia,     llio  touT' 

\maline  likewise  eont^iiiis  it,  and  also  the  variety-'  of  mica  called 

I  lepttMife,     Dr,  Turtiur  Iijls  tibserved  that  its  presence  may  be  | 

I  discovered  by  the  ldow-|>ipe,  by  mi.xini^  the  iLssay  with  a  little 

I  fluor  spar,  or  with  bisulphate  of  potash  and  fliior  spar  pounded  ' 

I  together.     The  lithia  is  disen«:a2;ed,  mid  tingles  the  flame  of  a 

p tallow  candle  red,* 

Tlie  easiest  niefhod  of  extracting^  the  litljia  from  any  of  these  Extraction, 
minerals  (except  ambliu^ooite)  is  to  mix  the  mineral  (previously 
reduced  to  a  fijie  powder)  with  a  ijuantity  of  fluor  spar,  also  in 
^  fine  powder  etpial  to  21  times  the  weiglit  of  the  silica  which 
I  the  niineml  contiuns.    This  mixture  is  put  into  a  silver  crucible,  ' 

I  and  made  up  into  a  paste  with  sidphurie  acid.    It  is  then  heated 
at  tirst  gently,  and  when  the  greatest  part  of  the  fluosilieic  acid  \ 

has  made  its  escape,  tlie  heat  Is  to  be  raised  to  redness  to  drive 
I  off  all  excess  of  siilpluirie  acid,  and  to  decompose  the  sulphate  j 

I  of  alumina.     The  dry  mass  being  now  lixiviated  with  water,  a  i 

L  Bohition  of  sulphate  of  lithia  will  be  obtained,  mixed  with  a 
I  little  sulphate  of  lime.    The  sulphate  of  lime  may  be  separated 
by  ciirefnl  evaporation  and  crystallization,  or  ihe  lime  may  be 
thrown   down  at  once  by  oxalate  of  ammonia*     Should  the 
sulphate  of  alumina  not  have  been  decomposed  by  the  heat, 
the  alumina  may  be  thro\^Ti  down  by  digesting  the  litpiid  with 
carbonate  of  lime,  and  the  sulphate  of  lithia  obtained  in  a  state 
I  of  purity,    Thi»  lithia  may  be  thrown  down  from  tins  sul|»hate 
I   in  the  state  of  carbonate  by  means  of  carbonate  of  innmonia  or 
I  carbonate  of  soda*     We  must  not  use  carbonate  of  potasi*, 
I   otherwise  the    lithia  wil!    be    contaminated    with    that   alkali, 
^   which  has  the  property  of  forming  <loidde  salts  with  lithia. 

Or  we  may  sepamte  the  sulphuric  acid  by  adding  barytes 
water,  taking  care  to  avoid  all  excess.  The  li<piid  being  filtered 
and  evaporated  to  dryness,  we  obtain  the  lithia  in  the  state  of 
an  hydrate. 

II.  Lithia  thus  t>l*tained  has  a  wdiite  colour,  converts  vegetable  ProppfttM  m 
blues  to  green,  and  ha*i  a  titste  fully  its  caustic  as  tliat  of  potash 
itself.     At  a  red  heat  it  melts  and  becomes  a  transparent  liquid, 
Wlien   exposed  to  the  air  it  Aovs  not  attract  m*»isture,  like  ; 

potash;  but  remains  dry.  But  it  gradually  alisorbs  carl>onic 
acid,  and  is  converted  into  a  carbonate.  It  is  but  little  soluble 
in  water,  compared  with  potash  or  *^oda,  tliough  the  exact  degree  , 


•  Annuls  of  Philosophy  (2d  sericR)»  xu  131 . 
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Chap.  iiL  of  solubility  has  not  been  ascertained.  Grmelin  found  it  scarcdj 
soluble  in  alcohol  of  the  specific  gravity  0-85,  and  when  aloobol 
is  added  to  an  aqueous  solution,  the  lithia  precipitates  after 
an  interval  of  some  hours.  When  heated  in  a  platinum  en- 
cible,  it  acta  with  considerable  energy  upou  that  metal 

jthium.  Sir  Humphry  Davy  succeeded  by  means  of  a  Voltaic  batteij 

in  extracting  from  lithia  its  metallic  basis.  He  found  it  to  tiar 
a  strong  rescmbUmce  to  the  other  alkaline  metals,  espemllru 
sodium ;  to  which  it  appears  to  be  the  most  nearly  allidL 
Both  Arvedson  and  Gmelin  tried  this  reduction  by  means  ^ 
galvanism,  but  without  success. 

The  experiments  of  Arvedson,*  Gmelin,f  VauqneiiLl  i 
Stromeyer,^  and  my  own,||  to  determine  the  atomic  w«*^  j 
of  lithia,  were  inaccurate,  and  the  error  was  the  same  in  C  [ 
indicating  that  it  proceeded  in  all  from  tlie  same  cause.  T:^  J 
cause  lias  been  recently  pointed  out  by  M.  R.  Hennazu  i 
Moscow.  It  proceeded  from  the  circumstance  that  the  ^l 
analyzed  was  not  pure,  but  in  the  state  of  a  double  salt  frmi'-' 
presence  of  potiish.  Hermann  prepared  a  quantity  off- 1 
carbonate  of  lithia  by  precipitating  it  from  the  suipbait 
muriate,  by  means  of  carbonate  of  ammonia  and  carboD3:^^| 
soda ;  botli  of  which  threw  down  the  lithia  in  the  state  of  sf- 
carbonate.  In  two  successive  experiments  lie  obtained  the  a*^* 
position  of  neutnil  carbonate  of  litliia  as  follows : 

iomic  Carbonic  acid     .         .  60-98       .  .  61 

•  Lithia  .         .  39-02       .  .  m 


100-00  100 

If  we  consider  this  salt  as  a  compound  of  one  atom  carbonicA^ ' 
and  one  atom  lithia,  the  preceding  analysis  gives  us  the  atJ^ 
weight  of  IMia  l-75a     For  61 :  39  : :  2-75  (atom  of  caM:- 
acid)  :  1-758  =  atom  of  lithia. 

Hermann  also  analyzed  sulphate  of  litliia,  and  found'-' 
constituents  to  be 

Sulphuric  acid         .  .  74 

Lithia  ...  26  ' 

100*» 

This  gives  as  1-7567  for  the  atomic  weight  of  lithia. 

•  Kongl.  Vet.  Acatl.  Handl.  1818,  p.  23. 

f  Gilbert's  Annalen,  Ixii.  405.        t  Ann.  de  Chim.  et  dc  PhTS.Ti*| 

§  Untersuchungcn,  i.  435.  1  First  Principles,  i.  265. 

^  Poggendorf 's  Annalen.  xv.  481.  ••  Ibid.  p.  482. 
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He  analyzed  also  the  chloride  of  lithiiun,  which  he  found  a    ^^^^^y  >• 
compoimd  of 

Chlorine         ,         .  85*04 

Litliium  ,         .  14-66 


10000* 
This  gives  0*8571  for  tlie  atomic  weiglit  of  lithium.  There 
can  be  no  doubt,  from  a  conipariiion  of  these  analyses,  that 
Hthia  is  a  compound  of  1  atom  liiliium  and  1  atom  oxyg'cn. 
The  mean  of  the  three  analyse!^  ^ves  iw  Q'7£>  for  the  atomic 
weight  of  lithium,  and  1'79  for  the  atomic  weight  of  litliia. 
But  if  we  take  the  analyses  of  the  carbonate  and  sulphate  as 
likely  to  be  most  exacU  then  the  atomic  weight  of  lithium  will 
be  0-75,  and  that  of  litlda  1-75. 

Berzelius  repeated  the  analyses  of  Hernianii  witha  quantity 
of  the  carbonate  of  lithia  sent  him  by  that  chemist  He  hiis 
not  given  us  the  experiments,  but  merely  informs  us  that  he 
found  lithia  a  compound  of 

Lithium         .         .  44' 846  or  100 

Oxygen  •         -  55154  or  123 


loot 

This  would  make  the  atomic  weight  of  litluum  0*813,  and  that 

of  lithia   I'BIO,     These  different  analyses   leave   it  doubtful 

whether   the   atomic   weight   of   lithium   be    0*75    or    0*875. 

Meanwhile  we  cannot  be  far  from  the  truth  if  we  assume  0*75 

as  the  atomic  weiglit  of  lithium,  and  1-75  as  the  atom  of  lithia. 

It  Is,  therefore,  by  far  the  lightest  of  all  the  alkaline  bases. 
Lithium  combines  with   eldorine,  and   forms   a   compound  * 

which  may  be  called  a  chloride  uf  lithium.  It  has  not  been 
>  formed  directly,  but  may  be  obtiiined  by  saturating  lithia  with 

muriatic  acid,  evaporating  the  solution  to  dryness  and  exposing 
I  the  dry  salt  to  heat  while  the  air  is  excluded*  The  muriate  of 
'  lilttia  does  not  crystallize,  but  forms  a  erusU  It  delitjuesces 
I  very  rapidly  when  exposed  to  the  air.      When  heated,  it  melts 

at  a  very  low  teni|)erature.     The  chloride  when  exposed  to  the 

air  speedily  attracts  moisture. 

The  compounds  of  litldum  witli  bromine,  iodine,  hydrogen, 

azote,  ciirbon,  boron,  silicon,  phospborusj  selenium,  ami  the 

lltietak  have  not  been  hitherto  examined.     The  sul|>ljate  of 

[litliia  may  be  converted  into  sulphuret  of  lithium  by  means  of 

*  Poggeodorfs  Annalen.  p.  4«4.  t  Cbuiiie,  ii  :il9. 
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bap.  UL  hydrogen  gas,  precisely  as  sulphate  of  potash.  When  reduced 
to  a  sulphuret  by  means  of  an  excess  of  charcoal,  it  is  a  power- 
ful pyrophorus. 

SECTION  IV. — OF  BARIUM. 

*<»y.  Barytes  was  discovered  by  Scheele  in  1774;  and  the  first 

account  of  its  properties  published  by  him  in  his  Dissertation 
ou  Manganese.*  There  is  a  very  heavy  mineral,  most  fre- 
quently of  a  flesh  colour,  of  a  foliated  texture  and  brittle,  very 
common  in  Britain  and  most  other  countries,  especially  in 
copper  mines.  It  was  known  by  the  name  of  ponderous  spar^  and 
was  supposed  to  be  a  compoimd  of  sulphuric  acid  and  lime. 
Giahn  analyzed  this  minieral  in  1775,  and  discovered  that  it  is 
composed  of  sulphuric  acid  and  the  new  earth  discovered  by 
Scheele.f  Scheele  published  an  account  of  the  method  of 
obtaining  this  earth  from  ponderous  spar. J  The  experiments 
of  these  chemists  were  confirmed  by  Bergman,§  who  gave  the 
earth  the  name  of  terra  ponderosa,  Morveau  gave  it  the  name 
of  barotey  and  Kirn^an  of  barytes  ;\\  which  last  was  approved 
of  by  Bergman,^  and  is  now  universally  adopted.  DiflFerent 
processes  for  obtaining  barytes  were  published  by  Scheele, 
Bergman,  Wiegleb,  and  Afswelius;  but  little  addition  was 
made  to  the  properties  ascertained  by  the  original  discoverer, 
till  Dr.  Hope  published  his  experiments  in  1793.**  In  1797, 
our  knowledge  of  its  nature  was  still  farther  extended  by  the 
experiments  of  Pelletier,  Fourcfoy,  and  Vauquelin.ff 

tractkm.  .  Bary tes  may  be  obtained  from  ponderous  spar,  or  sulphate 
of  barytes,  as  it  is  now  called,  by  the  following  process,  for 
which  we  are  indebted  to  Scheele  and  Vauquelin.  Reduce  the 
mineral  to  a  fine  powder ;  mix  it  with  the  eighth  part  of  its 
weight  of  charcoal  powder,  and  keep  it  for  some  time  red-hot 
in  a  crucible,  and  it  will  be  converted  into  sulphuret  of  bary- 
tes. Dissolve  the  sulphuret  in  water,  and  pour  nitric  acid  into 
the  solution,  and  the  sulphur  will  be  precipitated.  The  solu- 
tion,' which  consists  of  nitric  acid  combined  with  barytes,  is  to 
be  filtered  and  evaporated  slowly  till  it  crystallizes.  Put  the 
crystals  into  a  crucible,  and  expose  them  gradually  to  a  strong 

•  Scheele,  i.  6 1  and  78 ;  French  Translation, 
t  Bergman's  Notes  on  Scheffer,  §  167.  p.  194. 
\  Creirs  Annals,  iii.  3.  Eng.  Trans.     §  Opus.  iii.  291. 
g  From  Bx^vii  heavy.  t  Opusc.  iv.  261. 

♦*  Edin;  Trans,  iv.  36.  ft  Ann.  de  Chim.  xxi.  1 13  and  276. 
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tlie  nitric  acid  is  driven  off,  and  the  barytes  remains  in    Fmmuy  t. 
a  state  of  pnrity.'  '  ^JecLW. 

Anather  metliod,  attended  witli  less  expense,  was  pointed 
out  lon^  ago  l>y  Dr.  Ho[>e,  and  afterwards  improved  by  Pel- 
letier.  Tbe  method  is  tliis :  Decompose  the  sulphate  of  bary- 
tes  liy  Iieatinuf  it  strongly  alon^  witli  charcoal  |>owder.  The 
product  is  to  be  treated  with  water  to  dissolve  every  thing'  tliat 
is  soluble ;  and  the  liquid,  being  filtered^  is  to  be  mixed  witli 
a  solution  of  cjirbonate  of  soda.  A  white  powder  falls.  Wash 
this  jiow*ler,  make  it  up  into  balls  with  charcoal,  and  heat  it 
strongly  in  a  crucible.  When  these  balls  are  treated  with 
boiling  water,  a  portion  of  barytes  is  dissolved,  winch  crystal- 
lizes as  the  water  cool?*. 

Barytes  obtained  by  the  first  method  is  a  gray ij*b- white  chanM^cn  at 
porous  bofly,  which  may  be  very  easily  reduced  to  powder.  It 
has  a  harsh  and  more  cinistic  Uiste  than  lime ;  and  when  taken 
into  the  stomach  |)roves  a  most  vitdeiit  poison.  It  has  no  per- 
ceptible smell.  It  tinges  vegetable  bhies  green,  and  decom- 
poses animal  bodies  like  the  fixed  alkalies,  though  not  with 
jch  energy. 

Its   specific  gravity,   according  to   Fourcroy,f    is    4;    but 
ccording  to  Hassenfratz  only  2-3744     ^^^*^  there  is  reason  to 
Icfmcbide,  from  the  method  enipiloyftl  by  ibis  plulosoplier,  that 
the  speeitic  gravities  which  he  assigns  are  ail  too  low. 

When  heated  it  becomes  harder,  and  acquires  internally  a 
.bluish-green  shade.       \\"hen  exposed   to  the  blow-pipe  on  a 
lyiece  of  charcoal,  it  fuses,  bubbles  np,  and  runs  into  globulest 
rhich  quickly  penetrate  the  charcoal, §     This  is  probably  in 
l?Conseqnence  of  containing  water,  for   I^ai'oisier  found  barytes 
Hot  affected  by   the  strongest  lieat  which  he  could  produce. 
ielileti  and  Bucholz  have  ascertiiined  that  when  crystals  of 
Ktrytes  are  expcjsed  to  heat,  tliey  s|jeedily  melt  and  give  out 
rater,    Wlien  the  heat  is  raised  to  redness  they  again  undergo 
fusion,  and  assume  the  appearance  of  an  oil.     But  this  expe- 
riment does  not  succeed  with  barytes,  obtained  from  the  nitrate, 
I'by  VauquelinV  process,    -"This  differL-nce,  they  showed,  is  not 
Dwttig  to  the  |»resence  of  carbonic  acid^  or  of  any  earthy  matter 
from  the  eruejl)le  in  the  barytes  from  the  nitrate.  ||      The  fusi- 


« 


•  When  thus  prepare  J,  it  iilways  contains  about  008  of  curlioniUe  of 
rbaryteSf  and  sometimes  nuich  more, 
|i    t  Fourcroy,  ii.  \b9,  J  Ann.  de  Chim.  xxviii.  H. 

§  Fourcroy  and  VanqncLin,  Ann.  de  Chlm.  xxi.  276. 

Men's  Journal  fiir  die  Chimie,  Pbyaik  und  Mineralogie,  iv.  2'd8* 
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plate  ;  an  amalgam  of  the  metal  of  bary  tes  wua  to 
repeated  tliese  experiments,  and  by  distilliu^ 
succeeded  in  obttiiiiiii^  small  qu;ui titles  of  tiie  mei 
to  which  he  gave  the  name  of  barium. 

BKrium.  Barium,  thus  obtain cdj  is  a  solid  metal  of  the 

ver,  it  melts  at  a  temperature  below  redness,  and  ti 
talizcd  by  a  heat  capable  of  melting  plate  ^lass,  q 
temperature  it  acts  violently  apon  the  ^laas  ;   pro 
posing  the  alkali  of  the  giasH.     When   exposed   to 
rapidly  tarnishes,  absorbs  oxygen,  and  is  convert 
rytes.     It  sinks  rapidly  in  uTiter,  and  seems  to  be 
or  five  timei^  heavier  thaji  that  liquid.      It  deeomi 
with  great  rapid iiy  ;  hydrogen  is  emitted,  and  it  ii 
into  barytes.    When  strongly  pressed  it  becomes  fla 
appears  to  be  both  ductile  and  malleable. 

Oxide*  IL   From  the  experiments  of  Gay-Lussac  and  T 

learn  that  l>arinm  combines  with  two  proportions  i 
forming  two  oxides  wlijch  have  been  called  imrt^lrs  I 
ide  (if  ha  num.  j 

Baryt4j».  1,  Barytes  in  tlie  sul>8tance  formed  when  bariiimj 

water.  It  lias  been  known  since  the  year  1774,  an 
abundantly  in  the  mineral  kingdom,  combine<l  j 
with  carbonic  acid,  but  much  more  frequendy  witl 
acid. 

Barytes  is  a  grayish  white  substance,  having 
alkaline  taste,  rendering  vegetable  blues  green, 
a  virulent  [>oison. 
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when  water  is  sprinkled  on  it.*     After  tlie   barytes  is  thus 

slacketlj  it  gradually  attracts  carbonic  acid,  and  loses  its  acrid 

^properties,  its  weight  being  increased  0'22.f     It  cannot,  there- 

»re,  be  kept  pure  except  in  close  vessels. 

When  a  little  water  is  poured  upon  barytes,  it  is  slacked 

ke  qtiieklinie,  but  more  mpidly,  and  witli  the  evolution  of 

llDore  heaL     The  mass  becomes  wbitcj  and  swells  coitsiderably, 

l-If  the  quantity  of  water  be  sufficient  to  dilute  it  completely, 

Itlie  barytes  crystallizes  in  cooling,  and  assumes  the  appearance 

ftf  a  stone  composed  of  needle-form  crystiils ;   but  when  exposed 

the  air,  it  gradually  attracts  carbonic  acid,  and  falls  to  powder.f 

Water  is  aipable  of  dissolving  0*05  parts  of  ite  weiglit  of 

|l»arytes.     This  solution,  which  is  known  by  the  name  of  hanjtes 

er,  is  limpid  and  colourless,  has  an  acrid  taste,  and  converts 

vegetable  blues  first  to  a  green  and  then  destroys  them.     When 

exposed  to  the  air,  its  surface  is  smni  covered  with  a  stony 

crust,  consisting  of  the  barytes  combined  with  carbonic  acid. 

Boiling  water  dissolves  more  than  half  its  weight  of  barytes* 
As  the  solution  cools,  the  barytes  is  deposited  in  crystiils ;   the 
bape  of  which  varies  according  to  the  rapidity  with  which 
'they  have  been  formed.     When  most  regular,  they  are  flat 
hexagonal  prisms,  having  two  broad  sides,  with  two  intervening 
narrow  ones,  and  terminated  at  each  end  by  a  four-sitlcd  pyra- 
,  mid,  which  in  some  instances  constitutes  the  larger  part  of  the 
rystal.     When  formed  slowly,  they  are  dLstinet  aiul  hirge  \ 
but  when  the  water  is  saturated  ivitli  l>arytes,  they  are  depo- 
sited rapidly,  and  are  generally  more  slender  and   delicate. 
Then,  too,  they  are  attached  to  one  another  in  such  a  manner 
as  to  assume  a  beautiful  foliacious  appearance,  not  unlike  the 
leaf  of  a  fern.J 

These  crystals  are  transparent  and  colourless,  and  appear  to 
-be  composed  of  about  58  parts  of  water  and  47  of  bar)^tes, 
V*hen  exposed  to  the  heat  of  boiling  water,  they  undergo  the 
tferjf  fumon  ;  that  is  to  say,  the  water  which  they  contain 
Bcomes  sufficient  to  keep  the  barytes  in  solution.     A  stronger 
beat  drives  off  part  of  the  water,  but  not  the  whole.     When 
Bxposed  to  the  air,  they  attract  ciirbonie  acid,  and  crumble  into 
iust.     Tliey  are  soluble  in  17^  parts  of  water  at  tlie  tempera- 
re  of  60** ;  but  boiling  water  dissolves  any  quantity  whatever ; 


Fmoily  L 


Hydret«t. 


•  Fourcroy  and  Vauqueliiti  Ann.  de  Chim.  lu  59. 

f  Mem.  de  Tinstitut.  ii,  59.  \  Fourcroy,  iu  193, 

$  lIo[H*,  £din.  Tnuis.  iv.  36. 
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ciiap.ia  the  reason  of  which  is  evident;  at  that  temperature  their  own 
water  of  crystallization  is  sufficient  to  keep  them  io  solutioD.* 
It  was  observed  by  Bucholz  and  Gehlen  that  when  the  crys- 
tals of  barytes  are  exposed  to  heat,  they  readily  melt  in  their 
water  of  crystallization.  As  this  water  evaporates  the  barytes 
is  reduced  to  a  dry  mass.  This  mass  again  melts  when  heated 
to  redness  and  flows  like  an  oil.  But  barytes  procured  finom 
the  nitrate  of  that  earth  by  heat  is  infusible  in  the  strongest 
heat  that  can  be  raised  in  our  furnaces.'l'  The  reason  of  tUi 
difference  is  that  the  barytes  obtained  by  heat  from  the  crystals 
is  in  the  state  of  hydrate^  while  the  earth  from  the  nitrate  is 
free  from  water.  From  the  experiments  of  Dalton,  it  appean, 
that  water  combines  in  at  least  3  proportions  with  barytes,  and 
forms  3  solid  hydrates. 

Baryten  Water. 

1st  composed  of  1  atom  +  1  atom. 
2d  1+5 

3d  1+20 

The  first  is  formed  by  exposing  crystallized  barytes  to  s 
strong  red  heat ;  the  second  by  reducing  the  crystals  to  a  (iiy 
powder  by  heat ;  and  the  third  consists  of  crystallized  barytes4 

Mr.  Barry  has  observed  tliat  when  concentrated  sulphuric 
acid  is  poured  upon  caustic  barytes,  ignition  ensue$.§ 
Atomic  I  had  from  a  set  of  experiments  in  which  dry  chloride  rf 

barium  was  decomposed  by  sulphate  of  potash,  inferred  tliat 
the  atomic  weight  of  barytes  was  9*76.  The  condusioa 
was  founded  upon  this  experiment,  13*25  grains  *  of  chloride 
of  barium  were  mixed  '^^dth  11  grains  of  sulphate  of  potasL 
both  in  solution,  and  it  was  found  that  after  tlie  sulphate 
of  barytes  had  precipitated,  the  residual  liquid  contained  no 
sensible  quantity  of  sulphuric  acid  or  of  barytes.  Berzelins. 
in  the  third  volume  of  his  Larbok  i  Kemien,  stated  that  when 
these  proportions  were  used,  there  always  remained  an  excess 
of  barytes.  I  requested  several  of  my  practical  pupils  to 
repeat  the  experiment  without  mentioning  my  object,  and  they 
all  gave  me  the  siinie  proportions  of  the  two  Siilts  that  I  had 
previously  stated.  I  was  induced  in  April,  1 828,  to  try  the 
experiment  anew,  and  for  this  purpose  prepared  a  quantity  of 
pure  chloride  of  barium,  and  of  sulphate  of  potash.  After 
repeating  the  experiment  about  30  times,  varied  in  every  poe 

•  Hope,  Etlin.  Trans,  iv.  36. 

f  Gehlen's  Journal  flir  die  Chemie,  Physik  und  Mineralogie,  iv.  2o8. 

X  New  System  of  Chemical  Philosophy,  ii.  522. 

§  Annals  of  J^hilosophy  (-^^d  series);  ii.  77. 
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sil>le  way,  I  found  myself  quite  unable  to  determine  the  exact    ^'^^v  '- 

proportions   of   the    tw*o   saJts  wliicli   decompose   each    other,        '_ 

There  wan  no  difficulty  in  finding  the  proportions,  %vhich,  when 
mixed  together,  lea%*e  no  sensible  residue  of  sulphuric  acid  and 
baryten  in  solution.  But  wlien  I  nttempted  to  collect  the  sul- 
phate of  l)arytes  and  chloride  of  jjotassiuni,  I  never  found  the 
quantities  to  agree  in  any  two  consecutive  experinienti^.  8us- 
pectini^  that  the  method  of  usin^  doulile  filters  might  he  the 
cause  of  the  uncertainty,  I  substituted  single  filters  of  Indian 
p!i|>er,  wliieh  %vere  finally  burnt  in  platinum  crucibles.*  I  was 
therefore  obliged  to  give  up  the  attem[>t  of  determining  the 
atomic  weight  of  barytes  by  this  method.  Dr.  Turner  has 
isiuce  exphnned  the  cause  of  this  failure,  which^  indeed,  I  sils- 
pected  at  the  time.  It  is  owing  to  a  portion  of  the  sulpliate  of 
potash  adhering  obstinately  to  the  sulphate  of  barytes,  and 
thus  escaping  decomposition. f  Foiled  in  this,  I  substituted 
sulphate  of  ammonia,  and  afterwards  sulphuric  acid.  By  mix- 
big  a  solution,  containing  a  given  weight  of  chloride  of  Wrium 
with  an  excess  of  sul|diate  of  ammonia  or  of  snlplniric  acid, 
evaporating  to  drynes^s,  and  tlien  exposing  tlie  residual  nalt  to  a 
strong  red  heat,  I  sneceeded  in  determining  the  weight  of  sul- 
phate of  barytes,  which  is  the  equivalent  for  a  given  weight  of 
chloride  of  barium.  The  same  weigiit  of  chloride  of  harium 
WHS  afterwards  decomposed  by  nitrate  of  silver,  and  the  weight 
of  chlorine  determined  from  my  old  data  that  chloride  of  silver 
is  a  compound  of 

Silver  .  .  13-75 

Chlorine         .         •  4*5 


18-25 


Tlie  result  of  these  trials  (which  occupied  me  for  several  weeks) 

was  that  sulphate  of  barytes  is  a  compound  of 
Sulphuric  acid         ,  •  5 

Barytes  .         ,  .  9-5006 

Now  as  5  is  the  atomic  weight  of  sulphiuric  acid,  it  is  clear 

that  9'a  must  be  the  atomic  weight  of  barj^tes.J 

From  the  e3t|ieriments  of  Davy  on  the  chloride  of  barium, 

•  The  Mime  weight  of  India  |>aper  leaves  almost  exactly  the  same  weight 
of  ashes.  On  that  account  I  sumctimes  employ  it  in  delicate  experirtienta, 
when  a  tk»ubte  ^ter  is  not  sufficiently  accurate  for  the  object  In  new. 

f  Phil.  Trans,  l8'^9. 
These  experiments  of  mme  are  confirmed  by  those  of  M.  de  SaussurCj 
{published  a  few  weeks  ago)/ which  certainly  do  not  differ  so  much  m 
j^^^th  part  tram  mine.     See  Ann*  de  Chim.  ei  de  Phy$.  rliv,  25> 
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CM».  ni.  it  is  obvious  that  barytes  is  a  compound  of  1  atom  t^riw™  ^ 
1  atom  oxygen.  Consequently  the  atomic  iveight  of  bariam 
must  be  8*5. 

t2'.  Gay-Lussac  and  Thenard  found  that  n^hen  dry  barimi 
from  nitrate  of  barytes,  or  from  the  carbonate  of  barytes,  deoon- 
posed  by  charcoal,  is  heated  in  oxygen  gas ;  it  absoibs  tlot 
gas  with  great  rapidity.  The  peroxide  formed  is  gray.  It 
gives  out  its  excess  of  oxygen  when  put  into  an  acid  liqoii 
When  heated  in  hydrc^en  gas  the  hydrogen  is  absorbed  anl 
water  formed,  which  remains  united  to  the  barytes.* 

It  may  be  formed  also  by  passing  a  current  of  dry  oxygn 
gas  over  red-hot  barytes  as  long  as  it  continues  to  absorb  thai 
gas.  When  pulverized  and  put  into  water,  it  is  converted 
into  a  hydrate  without  the  evolution  of  any  heat.  It  is  dieni 
snow-white  powder.  The  peroxide  of  barium  is  not  decoBh 
posed  by  exposure  to  a  red  heat,  but  it  is  decomposed  by  boil- 
ing water.  Thenard  has  shown  that  when  nitrate  of  maagi- 
nese,  copper,  &c.  are  .mixed  with  the  hydrated  peroxide  ef 
barytes,  the  metallic  bases  are  peroxidized.  It  was  by  meiii 
of  peroxide  of  barium  that  Thenard  succeeded  in  forming  itn^ 
oxide  of  hydrogen. 

According  to  Thenard  peroxide  of  barium  is  a  compound  tf 

1  atom  barium  .         .  8-5 

2  atoms  oxygen         .         .  2 


10-5 


and  its  atomic  weight  is  10*5. 

III.  The  chloride,  bromide,  and  iodide  of  barium,  possess  the 
characters  of  s{dts.  They  will  fall  to  be  described  in  the  second 
volume  of  this  work. 

IV.  Nothing  is  known  respecting  the  compounds  whick 
barium  may  be  aipable  of  forming  with  hydrogen,  caAoL 
boron,  or  silicon. 

Pbon»huwt  V.  When  vapour  of  phosphorus  is  made  to  pass  over  bar)1rt 
heated  to  redness,  a  ])()rtion  of  the  phosphorus  is  acidified,  tri 
combines  with  a  portion  of  the  barytes.  The  barytes  A« 
reduced  to  the  metallic  state  combines  with  phosphorus  ani 
forms  a  phosphuret  of  barium.  The  colour  of  this  pho^buie* 
is  dark  brown,  and  its  lustre  almost  metallic.  This  phospburrt 
is  decomposed  by  exposure  to  a  strong  heat.  It  is  decomposeJ 
also  by  water,  pliosphuretted  hydrogen  gas  being  evolved,  awl 
hydrophospliite  of  barytes  formed,  as  M.  Dulong  first  di*- 
♦  Rechcrches  Physico-chimiques,  L  169. 
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covered^  M.  Duma^  found  that  when  74'04  parte  of  bary tes  ^^^^r  t 
were  thus  converted  intu  phosphiiretn,  the  weight  beeame  100.*  ®^ '^' 
Now  if  we  suppose  8]  atoms  of  barytes,  and  that  2^  atoms  part 
witli  their  oxygeu  to  convert  an  atom  of  phoisphorus  into  phos- 
phoric acid,  which  unites  witli  tlie  atom  of  harytes  that  remains 
unaltered,  while  every  ittom  of  biiriiim  unites  with  two  atoms 
of  phosiphoru-s,  the  result  will  agree  nearly  Hith  the  experiment 
of  Dumajs.     For 

3*5    atoms  baryteg  =  33*25 

1  1     atom  pliosphorus 

I  2^  atom$  oxygen 

I  1    atom  barytes  =    9*5 


>   :=     4*5    phosphoric  acid, 


14       phosphiitc  of  bary  tes, 
2*5  atoms  barium  ^  21  "25 

5  atoms  phoi^phorus       =  lO-O 


31-25  bipbosphuret  of  barium, 
Barytes  .         •  33'25 

Pliosphuretand  phoaphate  45*25 

Now  33-25  ;  45*25  ::  7404  :  100 '76;  numbers  which  come 
exceedingly  near  those  of  Dumas,  since  the  difference  does 
not  amount  to  1  per  cent  There  seems  no  rea^n  to  doubt, 
then,  that  in  this  process  there  are  formed 

2-5  atoms  biphosphuret  of  barium  .  .  31*25 

1  atom  phosphate  of  barytes  .         -  14 

So  that  somewhat  less  than  iths  of  the  whole  is  bipln>sphuret 

of  barium^  and  somewhat  more  tliaii  f  tbs  phosphate  of  bar j' tes. 

VL  IJarium,  like  potassium,  combines  \l^th  sulphur  in  various  suiphttren, 
proportions ;  but  the  constitution  of  these  sulphurets  has  not 
yet  been  determined  analytically.  The  colour  of  these  sul- 
phuret»,  such  of  them  at  least  as  I  liave  formed,  is  very  similar 
to  that  of  alkidine  liver  of  sulphur.  The  proc^esses  wliich  have 
been  followed  for  midting  tliese  sulphurets  are  the  following: 

1,  When  sulphate  of  barytes  in  powder  is  mixed  with  char- 
coal, and  heated  to  redness  in  a  covered  crucible,  the  oxygen 
of  both  the  constituents  of  the  salt  is  carried  off  in  combination 
with  the  c4U-bon,  and  a  sulphuret  of  barium  remains.  The 
sulphuret  thus  formed  dissolves  in  boiling  water,  and  tlie  satu- 
rated solution  gives  fine  transparent  and  colourless  crystals. 
It  is  by  dissolving  this  sulphinret  in  acids  that  the  different 
salts  of  l>aryte8  are  usually  formed.  During  its  solution  it 
•  Ann.  de  Chim,  et  de  Phya.  xxxiii,  30*. 
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"**p-  "'•    gives  rather  more  than  the  fifth  part  of  its  ^weight  of  sulphur- 
etted hydrogen  gas. 

2.  If  we  mix  caustic  barytes  and  sulphur  together,  and  hett 
the  mixture  to  redness  in  a  covered  crucible,  vre  obtain  sulpho- 
ret  of  barium  mixed  with  a  little  sulphate  of  barytes.  Three- 
fourths  of  the  barytes  are  converted  into  barium;  the  other 
fourth  into  sulphate  of  barytes. 

3.  We  may  obtain  sulphuret  of  barytes  in  a  state  of  purity 
by  passing  a  current  of  dry  sulphuretted  hydrogen  gas  over 
barytes,  ignited  in  a  glass  tube,  till  all  formation  of  water  is  at 
an  end.  The  barytes  assumes  a  red  colour  till  it  is  completehr 
converted  into  sulphuret  of  barium,  when  it  assumes  the  brom 
colour  of  that  compound. 

When  the  solution  of  sulphuret  of  barium   is  boiled  wid 
sulphur,  we  obtain  a  compound  consisting  of  5  atoms  sulphir 
united  to  1  atom  barium,  or  it  consists  of 
Sulphur         .         .  10 

Barium         .         .  8*5 


•18-5 

VII.  Nothing  is  known  respecting  the  compounds  of  5^ 
■  lenium  and  barium ;  nor  respecting  the  alloys  which  it  nnfbe 
capable  of  forming  with  the  different  metals. 

SECTION  V. — OF  STRONTIUM. 

^^''^y-  About  the  yejir  1787  a  mineral  was  brought  to  Edinbiin!^ 

by  a  dealer  in  fossils,  from  the  lead  mine  of  Strontiaiu  it 
Argyleshire,  wliere  it  is  found  imbedded  in  the  ore,  mixed  viii 
several  other  substances.  It  is  sometimes  transparent  9si 
colourless,  but  generally  has  a  tinge  of  yellow  or  green.  Ili? 
soft.  ■  Its  specific  gravity  varies  from  3*4  to  3-726.  Its  teitnK 
is  generally  fil)rous  ;  and  sometimes  it  is  found  crystalliied  is 
slender  prismatic  columns  of  various  lengths.* 

This  mineral  wjls  generally  considered  as  a  carbonate  d 
barytes ;  but  Dr.  Crawford  ha^dng  observed  some  differeufft 
between  its  solution  in  muriatic  acid  and  that  of  bar\'tes,  men- 
tioned in  his  treatise  on  mun'a/e  of  barytes,  publislied  in  I7dft 
that  it  probably  contained  a  new  eartli,  and  sent  a  specimen  » 
Mr.  Kirwan,  that  he  might  examine  its  properties.  Dr.  Hoff 
made  a  set  of  experiments  on  it  in  1791,  which  were  r«idtt 
the  Royal  Society  of  Edinburgh  in  1793,  and  published  ind' 


*  Ho|)e,  Edin.  Trans,  iv.  14. 
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Tmiisactions  about  the  beg^iimintf  of  1794.     These  experi- 

ini*!its  ilemonstrate^  that  the  mineral  is  a  conipounJ  of  carbonic 
acitl,  and  a  peculiar  earth,  whusc  propertie?^  are  (lescribcth  To 
thin  earth  Dr.  Hapc  gave  the  name  of  strontites.  Klaproth 
aTiiiiyzeil  it  also  in  179*%  ami  drew  the  same  conchisious  a?^  Dr. 
II(ipL%  thou|^h  he  was  igtionmt  of  the  experiments  of  the  latter, 
whicli  remained  still  unpuhUshed*  Klaproth'?*  experiments 
were  published  in  Crell's  Annals  for  1793*  and  1794.f  Kir- 
wan  also  dLseavered  the  most  interesting  peculiiirities  of  this 
new  earth  in  1793,  as  appears  by  his  letter  to  Crell,  though 
his  dissertation  on  it,  which  was  read  to  the  Iristi  Academy  in 
1794,  was  not  published  till  1795.  The  experiments  of  these 
philosophers  were  repeated  and  confirmed  in  1797  by  IVIletier, 
Fourcroy,  and  Vancpielin^  f^nl  sevend  of  the  properties  of  tlie 
earths  till  farther  investigsited.  To  tlie  eartli  thus  detected 
Klaprotli  gaxe  the  name  of  sfrontiarij  from  the  jilace  where  it 
was  first  found ;  and  this  name  is  now  generally  adopted. 

Strontian  is  found  abundantly  in  differciit  parts  of  the'world, 
and  always  combined  with  carbonic  acid  or  sulphuric  acid. 

The  carbonic  acid  may  be  expeiletl  from  the  wirljonato,  and 
the  strontian  obtained  pure,  by  mLxing  the  mineral  with  char- 
coal powder,  and  exposing  it  to  a  high  temperature,  or  by  dis- 
solving the  mineral  in  nitric  acid,  evaporating  the  solution  till 
tt  crystallizes,  and  exposing  the  crystals  in  a  crucible  to  a  red 
heat  till  tlie  nitric  acid  i^  driven  off.  Strontian  may  be  obbtined 
from  tin*  sulplmte  by  following  exactly  the  process  described 
in  the  lusit  section  for  obtaining  barytes. 

Strontian,  thus  obtained,  is  in  porous  masses,  of  a  grayish 
white  colour;  its  taste  is  acrid  and  alkaline;  and  it  converts 
vegetable  blues  to  green.  It  does  not  act  so  strongly  on  anbnal 
bodies  as  barytes*  nor  is  it  poisonons.§ 

I>a\y.  after  his  discovery  of  the  mcudlic  nature  of  potash 
and  soda,  was  naturally  led  to  consider  strontian  as  a  metallic 
oxide,  as  well  as  barytes  and  lime.  lie  succeeded  in  decom- 
posing it  by  the  same  processes  as  have  been  detiiiled  in  {he 
precetling  sections  for  decomposing  Hnie  and  barytes.  To  the 
metallic  biisis  of  it  he  gave  the  name  of  stroniium. 

ITiis  metal  is  white,  solid,  much  heavier  than  water,  and 


Fatnjiy  L 
SecL  V. 


•  VaU  ii.  189. 

f  Vol.  i.  9^.     See  aJao  Rlaproth^s  Beitmge,  i*  20O,  and  Jour,  cle  Min, 
No.  V.  p,  61. 

I   Arm.  cle  Chiin.  xxi.  1 13  and  216,    Jour,  de  Min,  An.  vu  3. 
$  Pelletier,  Ititd.  xxi.  1^0. 
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c»»«p.  "I  bears  a  close  resemblance  to  baritim  in  its  properties.  Wlien 
exposed  to  the  air,  or  when  thrown  into  water,  it  rapidly 
absorbs  oxygen,  and  is  converted  into  strontian.* 

oxidn.  II.  Strontium  combines  with  two  proportions  of  oxygen,  and 

forms  two  oxides;  namely,  strontian  and  peroxide  of  stronthun, 
for  the  knowledge  of  which  we  are  indebted  to  Thenard. 

Sbontiui.  1-  Strontian  prepared  by  the  process  already  described  is  a 

porous  mass  of  a  grayish  white  colour*     It  has  an  acrid  tuta, 
and  converts  vegetable  blues  to  green. 

When  water  is  sprinkled  on  strontian  it  is  slacked,  becoma 
hot,  and  falls  to  powder  exactly  like  barytes ;  but  it  is  not  m 
soluble  in  water  as  that  earth.     One  hundred  and  sixty-tvi 
parts  of  UTiter,  at  the  temperature  of  60**,  dissolve  nearly  one 
part  of  strontian.     The  solution,  known  by  the  name  of  itrm- 
Hon  tvater^  is  clear  and  transparent,  and  converts  vegetiUe 
blues  to  a  green.    Hot  water  dissolves  it  in  much  larger  quan- 
tities ;  and  as  it  cools,  the  strontian  is  deposited  in  colonrles 
transparent  crystals.     These  are  in  the  form  of  thin  quadran- 
gular plates,  generally  parallelograms,  the   largest  of  vhid 
seldom  exceeds  one-fourth  of  an  inch  in  length.      Sometimes 
their  edges  are  plain,  but  they  oftener  consist  of  two  bcetSt 
meeting  together,  and  forming  an  angle  like  the  roof  of  a  house. 
These  crystals  generally  adhere  to  each  other  in  such  a  manner 
as  to  form  a  thin  plate  of  an  inch  or  more  in  length  and  half  an 
inch  in  breadth.    Sometimes  they  assume  a  cubic  form.   TheT 
contain  about  68  parts  in  100  of  water.     Tliey  are  soluble  in 
51*4  parts  of  water  at  the  temperature  of  60°.      Boiling  water 
dissolves  nearly  half  its  weight  of  them.      When  exposed  to 
the  air,  they  lose  their  water,  attract  carbonic  acid,  and  611 
into  powder.f 

Mr.  Brooke  has  Jiscertained  that  the  primary  form  of  the 
crystals  of  this  hydrate  is  a  right  square  prism.J  Most  com- 
monly the  prism  is  terminated  by  a  four-sided  pyramid,  usually 
truncated  at  its  extremity.  The  face  of  the  prism  makes,  wii 
the  corresponding  face  of  the  pyramid,  an  an^le  of  ISS**  1*2. 
It  appears  from  the  experiments  of  Bucholz,  that  strontian 
obtained  by  heating  these  crystals  has  the  property  of  fiisiis 
at  a  red  heat,  while  strontian  from  the  nitrate  is  destitute  d 


*  Davy's  Electro-chemical  Researches  into  the  I>ecoinposition  of  tbe 
Earths,  &c.;  Phil.  Trans.  1809. 
f  Hope,  Edin.  Trans,  iv.  44. 
f  Annals  of  Philosophy  (2d  series),  vii.  287. 


STROKTI UM. 


Famuli. 
5eoC.  V. 


I 


that  property.*  Hence  it  is  obvious  tliat  the  first  is  a  hydrate 
of  stroiitian.  It  is,  no  doubt,  composed  of  1  atom  strontian  -(- 
1  atom  water,  or  by  weight  of 

Stroiitian         .         •         6'500         .         .  100 

Water  .         •  M25         .         .  17-3 

Tlie  crystals  of  strontian  appear  from  Dr>  Hope's  analysis 
above  sttitedj  to  he  coni posed  of  i  atom  strontian  +  12  atoms 
water,  or  by  weight  of 

StToiitian  .     •  6-5         .         .  100 

Water  .         .  13%5         .         •         207-69 

Strontian  has  the  property  of  tinging  flame  of  a  beautiful  JJ^^J*^  "^"'^ 
red  colour;  a  property  discovered  by  Dr.  Ash  in  1767,  The 
experiment  may  be  made  by  putling  a  little  of  the  salt  com- 
posed of  nitric  acid  and  strontian  into  the  wick  of  a  lighted 
candle  ;f  or  by  setting  fire  to  alcohol,  htdding  muriate  of  stron- 
tian in  solution.  In  both  cases  the  flame  is  of  a  lively  purple. 
In  diis  respect  it  differs  from  barytes,  which  wlien  tried  in 
same  way  is  found  to  communicate  a  bluish  yellow  tinge  to 
be  iiBie4 
I  have  shown  that  the  atomic  weight  of  strontian  is  6-5, § 
I  And  from  the  action  of  chlorine  on  it^  first  observed  by  Davy* 
lit  b  clear  that  it  is  a  compound  of  1  atom  strontium  and  1  atom 
^gen.     Hence  its  constitnents  are 

1  atom  strontium  .  •  5*5 

1  atom  oxygen  •         .         1 


6^5 
ad  the  atomic  weight  of  strontium  is  5*5» 

2.  Peroxide  of  strontium  is  obtained  in  bright  scales  when  Perexid*. 
[strontian   water  is   mixed  with  deutoxide  of  hydrogen.      Its 
properties  are  similar  to  those  of  peroxide  (*f  barium ;  but  it 
may   be  more   easily   dried.      According   to   the  analysis  of 
^Thenard,  it  is  composed  of 

1  atom  strontium         •         *         5*5 

2  atoms  oxygen  •         .         2 


4'^ 

II L  Chloride  of  strontium  is  easily  formed  l>y  heating  stron-  chiortd^ 
in  chlorine  gas,  or  by  dissolving  it  in  muriatic  acid  and 

•  Gehlen*t(  Journal  f  iir  de  Chemic,  Physick,  und  Mjiieralogie>  iv.  664w 
\  Ysuquelin,  Joiin  de  Min*  An»  vi.  10. 
i  Felletter,  Ann.  dc  Chim.  xxi.  137. 
$  AruiftU  o^  Philosophy  (2d  series),  i.  5. 
i.  2  F 
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piatiiiuni  coimected  witli  the  po^^itive  end  of  the  battery.    A 

cavity  was  inade  in  tlie  earthy  mixture,  a  g'lobuJe  of  about  ^ 
grains  of  mercury  put  into  it,  and  tliis  globule  cannected  witk 
die  negative  end  of  tlie  battery  by  a  platinum  wire*  The 
amalg^ama  obtiiined  in  tliis  way  weTe  dis^tiUcd  in  glass  tiibcf 
filleil  with  the  vapour  of  naphtha.  The  greater  part  of  t}leme^ 
ciiry  was  eai^ily  driven  ofl",  but  it  was  extremely  diffiiiidt  ti 
separate  the  whole.  The  globule  that  remained  Wliindwatb 
all  casies  white  like  silver,  solid^^  and  extremely  combofilibk^ 
When  exposed  to  the  air  it  absorbed  ox}''gen,  and 
the  earth  from  wliieh  it  was  obtained  in  a  few  minutes. 

The  metallic  liasis  of  lime  Davy  has  called  caiciumu  He  itt 
not  succeed  in  UB'cstigatijtg  its  properties.  It  is  white  lb 
silver,  solid,  and  probably  4  or  8  times  heavier  than  mUk 
When  heated  in  the  open  air  it  bums  brilliantly,  and  ^ri^ 
lime  is  produced** 

IL  Calcium,  so  far  as  b  known  at  present,  unites  onlyitt 
two  proportions  of  oxygen,  and  forxas  two  oxides,  known  kf 
the  name  <*f  h'me  and  peraride  of  calcium, 

1.  Lime  cannot  be  fused  by  tlie  most  violent  beatof  ou  fii^ 
naces.  But  Dr.  Clarke  has  succeeded  in  fusing  it  by  wam^ 
a  blow-pipe,  consisting  of  a  jet  of  two  volumes  hydrogem  uk 
one  volume  oxygen  gases,  issuujg  with  violence  from  the  pflis* 
of  a  cjipilliiry  tube*  It  is  converted  intx>  a  brilliant  ltin|udgte 
and  during  the  fusion  a  beautiful  lambent  flame  of  aaa^ 
tliystine  hue  makes  its  appearance.f 

If  water  be  poured  on  newly-burnt  lime,  it  swelb  uA  tt* 
to  pieces,  and  Is  soon  reduced  to  a  very  fine  powder.  In  ^ 
mean  time,  so  much  heat  is  produced,  that  part  af  the  lit' 
flies  off  in  vapour.  If  the  quantity  of  linae  slacked  (m  tii 
proce&s  is  termed)  be  great,  tl&e  heat  produced  is  suffioeot^ 
get  fire  to  combustibles.  In  tliis  manner,  vessels  loaiMfiit 
lime  have  sometimes  been  burnt.  When  great  quantitic*^ 
lime  are  slacked  in  a  dark  ])lace,  not  only  beat  but  light  ib»» 
emitted,  as  Mr,  Pelletier  has  observed,}:  \\lien  slacked  B* 
is  weighed,  it  is  found  to  be  heavier  than  it  was  befi 
additional  weight  is  owing  to  the  combination  of  part 
water  with  the  lime ;  which  water  may  be  separated  agiisV 
the  application  of  a  red  heat ;  and  by  tbis  priiceas  the  ^ 
becomes  just  wliat  it  wiis  before  being  slacked,}     IfciMft** 

♦  Phil.  Trans.  1608,  p.  333. 

f  Journiil  of  the  Royal  Institution,  ii.  1  la. 

\  Jour,  tie  Phys*  torn.  22.  S  Dr,  Bkck. 
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Pure  lime  is  af  a  white  colour,  moderately  hard»  but  easily 
id  to  a  powder, 

kas  a  liot  l>unrmg  taste,  and  in  some  meafiure  corrodes 
ejsitroys  the  texture  of  those  animal  bodies  to  which  it  is 
i  Its  specific  §^ravity  U  *3*08,*  It  tinges  vegetable 
green,  and  at  hint  converts  them  to  yellow, 
til  respect  to  the  comjMjsition  of  lime  nothing  better  tlian 
;ture  was  ad^-aiiced  on  the  subject,  till  l>avy'«  great  dis* 
f  of  the  bases  of  potash  and  soda*  This  naturally  led  liim 
t  idea  that  lime  and  the  otlier  earthy  bodies  possessing 
rties  similar  to  lime,  w^ere  likewise  compounds  of  oxygen 
Irticukr  mt'taln. 

aeoordingly  exposed  diem  in  various  states  to  the  action 
nlvanic  battery,  and  found  reason  to  conclude  tlmt  his 
A  of  their  nature  was  correct,  though  he  found  it  much 
ditHcult  to  decompose  them  and  olitain  their  bases,  ttian 
1  been  to  obtain  potassium  and  smiium  by  similar  pro- 
^  When  acted  upon  under  naphtha  they  were  not  dis- 
f  decomposed,  W^hen  fused  with  an  excess  of  potash, 
cted  upon  in  that  stale,  the  results  were  rather  more  flis- 
jplttallic  substances  appeared  less  fusible  than  potassium, 
'burnt  the  institnt  after  they  were  formed,  and  produced 
ture  of  potash  and  the  earth  employed.  When  the  earths 
^posed  to  the  action  of  electricity,  mixed  with  the  oxides 
rcur}',  tin,  lead,  or  silver,  amalg^ams  were  produced,  which 
ited  properties  indicating  unequivocally  that  they  were 
pes  of  the  base  of  the  earth  employed  and  of  the  base  of 
Ibtallic  oxide  mixed  with  it.  But  the  quantity  of  amalgam 
led  was  too  minute  to  admit  of  an  accurate  examination. 
p  Sir  H,  Davy  was  engaged  in  these  experiments,  he 
led  a  letter  from  Professor  Bencelius  of  Stockholm,  inform- 
pa  tluit  he  and  Dr,  Pontin  had  succeeded  in  decomposing 
es  and  lime,  by  negatively  electrifying  mercury  in  contact 
Jiem.  Davy  immediately  repeated  this  happy  experiment, 
Icceeded  completely  in  obtaining  amalgams  of  the  base  of 
krth  employed. 
I  procure  these  amalgams  in  sufficient  quantity  for  distil- 

^  the  mercury,  and  obtaining  the  base  of  tlie  earth  pure, 
ombiued  his  own  previous  metliod  with  that  of  Berzelius 

i>ntin.     The  earth  was  slightly  moistened,  mixed  with 

ird  of  red  oxide  of  mercury,  and  placed  upon  a  plate  of 
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•  Roger  »id  Dubuiji,  Anrwla  of  Fhtlosophy,  m.  399. 
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dup^ui    platinum  comjected  with  tlie  positive  end  of  thelttfctety.    A 
cavity  was  made  in  ttie  earthy  mixture,  a  globule  of  about  00 
^^  grains  of  mercury  put  into  iti,  and  this  globule  connected  witk 

^^p  the  negative  end  of  the  battery  by  a  platinum  wire.    Tlii 

^^  amalgams  obtiiirted  in  this  May  were  distilled   in  glass 

i  filled  with  the  vapour  of  naphtha.    The  greater  part  of  the 

ciiry  was  easily  driven  off,  but  it  was  extremely  difficult  to 
separate  the  whole.  The  globule  that  remained  behind  ww  iB 
all  cases  white  like  silver,  solid,  and  extremely  combttstihb 
When  exposed  to  the  air  it  absorbed  oxygen,  and  regeneiatd 
the  earth  from  which  it  was  obtaijied  in  a  few  minutes, 
rtopcrtkt.  The  metallic  basis  of  lime  Da\y  has  called  caiciunu  HeiJ 
not  succeed  in  investigating  itj*  properties.  It  is  white  Bb 
silver,  solid,  and  probably  4  or  8  times  heavier  than  vmta, 
Wlien  heated  in  the  open  air  it  hums  brilliantly,  and  qtuA- 
lime  is  produced.* 
oxidrt.  11.  Calcium,  80  far  as  is  known  at  present,  unites  onlywtt 

two  proportions  of  oxygen,  and  forms  tw^o  oxides,  known  ^ 
the  name  of  iimt'  ami  peroxide  qfcalcittm^ 

L  Lime  caTnu)!  be  fused  by  tlie  most  violent  beat  of  on 
naces.  But  Dr.  Clarke  has  succeeded  in  fusing  it  by  mtamd 
a  blow-pipe,  consisting  of  a  jet  of  two  volumes  hydrogeiii  •■I 
one  volume  oxygen  gases,  issuing  with  violence  from  die  pfliit 
of  a  capilllury  tube.  It  is  converted  into  a  brilliant  limpkl^itf^ 
and  during  the  fu^ion  a  beautiful  lambent  flame  of  as  i&^ 
thystiue  hue  makes  its  appciu-auce.f 

If  water  be  poured  on  newly-burnt  lime,  it  swells  aadU 
to  pieces,  and  is  soon  reduced  to  a  very  fine  powder.  Is  ^ 
mean  time,  so  much  heat  is  produced,  that  part  of  the  •<* 
flies  off  in  vaponn  If  tire  quantity  of  lime  slacked  (ii  # 
process  is  tcFmed)  lie  great,  tlie  heat  produced  is  soSeifiK* 
set  fire  to  etmibu^tibles.  In  this  manner^  vessels  loediilipi 
lime  have  sometimes  been  burnt.  When  great  qiuuil 
lime  are  slacked  in  a  dark  place,  not  only  heat  but  Ugh 
emitted,  as  Mr,  Pelletier  has  obser^*ed4  When  slacked  M 
IK  weighed,  it  is  found  to  he  heavier  than  it  was  before.  1^ 
additional  weight  is  owing  to  the  conibinaLion  of  part  d  * 
water  witJi  the  lime;  which  w^ater  may  be  separated  sgiia'! 
the  application  of  a  red  heat ;  and  by  tliis  process  ikr  B" 
becomes  just  what  it  was  before  being  slacked.^     Heatf^ 

♦  Phil.  Trans.  J 808,  p.  333. 

t  Journal  of  the  Royal  Institution,  u,  I  la, 

\  Jour,  de  Phys.  torn,  22.  S  Dr.  Bbck. 
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rciii^ii  of  the  heat  evolved  during  tlie  slacking  of  lime.     Part    '^«»fly  ^ 

Sled.  VI 

of  the  water  combines  iritl*  tlie  lime,  and  thus  becomes  solid  ;  '_ 

of  course  it  parts  with  its  caloric  of  fluidity,  and  probably  also 
with  a  considerable  qyantiiy  of  caloric  which  exist^s  in  water 
even  when  in  the  state  of  ice  :  for  when  two  parts  of  lime  and 
one  part  of  ice  (each  at  3*2°)  are  mixed,  they  combine  rajdHly, 
and  their  temperature  is  elevated  to  212*,  The  elevation  of 
temperature  during  the  slacking  of  bcirytes  and  gtrontian  is 
owing  tji  the  same  rause. 

,         Skcked  lime  or  hydrate  of  lime  i«  no  doubt  a  compound  of  j^^jj***^ 
1  atom  lime  +  1  atom  water,  or  it  is  composed  by  weight  of 
Lime  *         •         3-5  -         .  100 

I  Water         ,         .         M25         .         *  32!  5 

I  Mr.  Dalton*  found  Blacked  lime  well  dried  in  a  moderate 

\      heat  composed  of 

I  Lime  .         .  100 

I  \\ater         .         .  33*3 

L        The  result  of  Lavoisier's  exp crime ntsf  gave 

^^  Lime  100 

*  Water  2B'7 

Those  of  Berzelius 

Lime  .         .  100 

Water         ,         .  3217 

which  is  very  near  the  theoretical  result* 

Gay-Lussac  has  hit  upon  a  very  ingenious  methoti  of  crys- 
tallizing lime,  lie  diiiiolves  it  in  water,  and  pkices  the  lime- 
water  farmed  in  an  open  vessel  under  the  exhausted  receiver 
of  an  air-pump,  along  with  a  quantity  of  concentrated  Kulphuric 
acid  in  anollier  open  vessel,  Wlien  the  acid  has  become  too 
we;ik  in  consequence  of  the  evaporation  of  the  lime  water  it  is 
Witlidrawn,  and  new  concentrated  acid  suV>8tituted  in  it**  place. 
By  degree  jj  the  lime  is  deposited  in  small  cry  stab,  which  ex- 
hibit the  form  of  fragments  of  six-sided  prisms.f 

By  my  triaU  TaB  grains  of  cold  water  dissolve  1  grain  of  *-^™*"**^ 
lime*  According  to  Mn  Dal  ton,  who  luis  examined  this  sub- 
ject with  attention^  cold  water  dissolveg  more  lime  than  hot 
water.  The  following  tid>le  shows  the  solubility  of  lime  and 
its  hydrate  in  water  of  different  temperatures,  according  to  his 
e]cperiments.§ 

•  New  System  of  Chemical  Philosophy,  i.  87. 
f  Lavoisier's  Essays,  translated  by  Henry,  p.  28a 
X  Ann*  de  Chim.  et  Phys.  i.  334. 
^  New  System  of  Chetnkal  Fhllo£k>phy,  iL  ^10. 
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crystallizing.  As  it  possesses  the  characters  of  a  salc.  It  wiD 
come  to  be  described  in  a  subsequent  part  of  this  work.  For 
the  same  reason  tlie  bromido  and  iodide  will  be  reserved  till  we 
come  to  the  salts,  of  which  they  constitute  •  species. 

IV,  The  phosphuret  and  sulphuret  of  strontiiiin  rescrohlf 
those  o(  barium  so  closely,  that  a  detailed  descriptioD  of  tkin 
seems  unnecessary. 

Nothing  is  known  respecting  the  combination  of  strontiiia 
with  hydrogen,  azote,  carbon,  boron,  silicon,  or  seleaioii),  orof 
the  alloys  which  it  may  form  with  the  metaU. 

Barytes  and  strontian  resemble  each  other  in  their  pR^ 
ties  as  closely  as  pot;tsh  and  soda :  hence,  like  tliese  two  J^ 
lies,  they  were  for  some  time  confounded.  It  is  in  their ( 
bination  u'ith  acids  tliat  the  most  striking^  difference  betM 
these  two  earths  are  to  be  observed.  The  best  way  of  i 
ating  them,  when  mixed  together  and  dissolved  in  an  tfi 
is,  according  to  Berzelius,  to  add  a  quantity  of  fluosUictciiil 
to  the  solution.  The  barytes  is  thrown  down,  but  the  i 
remains  in  solution  till  the  whole  be  reduced  by  evaporatkiti  ^ 
the  consistence  of  a  magma. 

SECTION  VI, OF  CALCIUM* 

Lime  has  been  known  from  the  earliest  ages.    The 
employed  it  in  medicine ;  it  was  the  chief  ingredient  in  tkir 
mortar ;  and  they  used  it  as  a  manure  to  fertilize  their  fiA 

Lime  abounds  in  most  parts  of  the  world,  or  perliap  I  ib«** 
rather  say,  that  there  Ls  no  jiart  of  the  world  where  it  Aati^i 
exist.  It  is  found  purest  in  limestone,  and  marble,  and  cfak 
None  of  these  substances,  however,  is,  strictly  speaking,  \iJ^ 
but  they  are  all  capable  of  becoming  lime  by  a  weU-bw^ 
process,  by  keeping  them  for  some  time  in  a  white  hfat:  ii» 
process  is  called  the  burning  of  lime,  ITie  product,  whiA  « 
common  language  is  denominated  qin'ckiime^  is  the  wbiBi* 
known  in  chemistry  by  the  name  of  lime* 
How  obuti).  ),  Lime  may  be  obtained  pure  by  burning  those  ca7stil6* 
limestones,  called  raiearmua  sparn^  whicli  are  perfectly*^ 
and  transparent,  and  also  by  burning  some  pure  white  mar^I 
It  may  be  procured  also  in  a  state  of  purity  by  disN>hif  j 
oyster-shells  in  muriatic  acid,  filtering  the  solution,  mixiitj 
with  ammonia  as  long  as  a  white  powder  continues  to  ^Ji***^ 
filtering  again.  Tlie  liquid  is  now  to  be  mixed  with  a  ^^ 
of  carbonate  of  soda;  the  powder  which  faUs,  being  wiskei' 
dried,  and  heated  violently  in  a  pktinum  crucible,  l«t  piirti^ 


2.  Pure  lime  is  of  a  white  colour,  moderately  hard,  but  easily 
reduced  to  a  powder. 

It  has  a  hot  burning  taste,  and  in  some  measure  corrodes 
and  destroys  the  texture  of  tliose  animal  bodies  to  which  it  is 
applied.  Its  specific  gravity  is  3* 08.*  It  tinges  vegetable 
blues  green,  and  at  last  convert>5  them  to  yellow. 

With  respect  to  the  composition  of  lime  nothing  better  than 
conjecture  was  advanced  on  tlie  subject,  till  Davy^s  great  dis- 
covery of  the  bases  of  potash  and  soda.  This  naturally  led  him 
to  the  idea  that  lime  and  the  other  earthy  bodies  possessing 

,  properties  similar  to  lime,  were  likewise  compounds  of  oxygen 

I  and  particular  metals. 

He  accordingly  exposed  them  in  various  states  to  the  action 

I  of  a  galvanic  battery,  and  found  reason  to  conclude  that  his 

I  opinion  of  their  nature  was  correct,  thongh  lie  found  it  much 
more  difficult  to  decompose  them  and  obtain  their  bases,  than 
it  had  been  to  obtain  potassium  and  smlinm  by  similar  pro- 

I  cesses.  When  acted  upon  under  naphtha  they  were  not  dis- 
tinctly decomposed*  When  fused  with  an  excess  of  potash, 
and  acted  upon  in  that  state,  the  results  were  rather  more  dis- 
tinct, metallic  substances  appeared  lem  fusible  than  potassium, 

I  which  burnt  the  instsuU  after  they  were  formed,  and  produced 
a  mixture  of  potash  and  the  earth  employed.  When  the  earths 
were  exposed  to  the  action  of  electricity,  mixed  with  the  oxides 
of  mercury,  tin,  lead,  or  silver,  amalgams  were  produced,  which 
exhibited  properties  indicating  unequivocally  that  they  were 
mixtures  of  the  base  of  the  earth  employed  and  of  the  base  of 

^  the  metallic  oxide  mixed  with  it.  But  the  quantity  of  amalgam 
obtained  was  too  minute  to  admit  of  an  accurate  examination, 
Willie  Sir  H.  Da^y  >vas  engaged  in  these  experiments,  he 
feceived  a  letter  from  Professor  Berzelius  of  Stockholm,  inform- 
ing him  that  he  and  Dr.  Pontin  had  succeeded  in  decomposing 
barytesand  lime,  by  negatively  electrifying  mercury  in  conttict 
with  them*  Davy  immediately  repeated  this  happy  experiment, 
and  succeeded  completely  in  obtaining  amalgams  of  the  base  of 
the  earth  employed. 

•  To  procure  these  amalgams  in  sufficient  quantity  for  distil- 
ling off  the  mercury,  and  obtainijjg  the  base  of  the  earth  pure, 
Davy  combined  his  own  previous  method  with  that  of  Berzelius 
and  Pontin.  The  earth  was  slightly  moistened,  mixed  with 
one-third  of  red  oxide  of  mercury,  and  placed  upon  a  plate  of 
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PlrofMrtlfM, 


Oxtdci. 


Oki^UL    plathmm  connected  witli  tlie  positive  end  of  tbe  lottery.    A 

cavity  wa*i  matle  in  f  lie  earthy  mLtture,  a  globule  of  about  60 
ffraiJis  of  mercury  put  into  it,  and  this  globule  connected  irith 
tlie  negative  end  of  tlie  battery  by  a  platinum  wire.  Tbi 
amalgams  obtained  in  this  way  were  distilled  in  glass  tttbrt 
filled  with  the  vaj>our  of  iiaphtba.  The  greater  part  of  tilelnje^ 
ciiry  was  easily  driven  oiF,  but  it  was  extremely  difficnlt  fii 
separate  the  whole.  The  globule  that  remained  behind  waiii 
all  eases  white  like  silver,  solid,  and  extremely  combitftiUft 
When  exposed  to  the  air  il  absorbed  oxygen,  and  regeneald 
tbe  earth  from  which  it  was  obtained  in  a  fe\**  minutes. 

The  metallic  buALs  of  lime  Davy  has  called  cfdciumu  Hefi 
not  succeed  in  investigating  its  properties.  It  is  white  Bt 
silver,  solid,  and  probably  4  or  8  times  heavier  than  mte 
When  heated  in  the  open  air  it  burns  brill iantlvj  and  quiet 
lime  ii<  pro<luced.* 

IL  Calcinm,  so  far  as  is  known  at  present,  unites  only  vtd 
two  pro]*ortions  of  oxygen,  and  forms  two  oxides,  known  \/j 
the  name  tif  iime  and  peroiide  of  calcium, 

L  Lime  cannot  be  fused  by  the  most  >dolent  heat  of  our  r»* 
naces.  But  Dr.  Clarke  has  succeeded  in  fusing  it  hymtzx^i 
a  blow^-pipe,  consisting  of  a  jet  of  two  volumes  hydrogen,  »^ 
one  volume  oxy^^u  gases,  issuing  with  violence  from  Ae  Y^ 
of  a  capillkry  tube.  It  is  converted  into  a  brilliant  ItnpidglM 
and  during  the  fu^^ion  a  beautiful  lambent  flame  of  ua  IB^ 
thystine  hue  makes  its  aiipearauee.f 

If  water  be  poured  on  newly-burnt  Ume,  it  swelltairiife 
to  pieces,  and  is  soon  reduced  to  a  very  fine  powder*  Ii* 
mean  iime,  so  much  heat  is  produced,  that  part  of  the  wSf 
flies  off  in  vapour.  If  the  quantity  of  lime  slacked  (ai  tt 
process  is  termed)  be  great,  tlie  heat  produced  ts  suffiMl* 
set  fire  to  combustibles.  In  this  manner,  vesseb  Vauhi^ 
lime  have  sometimes  been  burnt.  When  great  quMitilki^ 
lime  are  slacked  in  a  dark  place,  not  only  heat  but  lij^lib* 
emitted,  as  Mr.  Pellctier  has  observ'ed.J  When  sladE^dBi' 
is  we»Lrliod.  it  is  found  to  be  heavier  than  it  was  before.  T^ 
additiomd  weight  ia  owing  to  tlie  combination  of  part  rf  ^ 
water  willi  tlie  lime ;  which  water  may  be  separated  ag»flJ^ 
the  application  of  a  retl  beat ;  and  by  this  procett  tie  ^ 
becomes  just  what  it  was  before  being  slacked.}     Ifaitf  ^ 

*  Phil.  Trans.  1808,  p,  3^3. 

f  Journal  of  the  Royal  Institution,  ti,  113. 

I  ifmr*  tie  Phjs.  lorn.  22-  §  Dr.  niari. 
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reason  of  the  lieat  evolved  during  the  slacking  of  lime.     Part    ^A*n»y  i* 
of  the  water  combines  with  the  lime,  and  thus  becomes  solid ;  ' 

of  course  it  parts  with  its  caloric  of  fluidity,  and  probiibly  also 
with  a  considerable  quantity  of  caloric  whicb  exists  in  water 
even  when  in  the  state  of  iee  :  for  wlien  two  parts  of  lime  and 
one  part  of  ice  (each  at32®)  are  mixed^  they  combine  rapidly, 
and  their  temperature  is  elevated  to  212"*.  The  elevation  of 
temperature  during  tlie  slacking  of  barytes  and  strontian  is 
OTidng  to  the  same  t*ause. 

Slacked  lime  or  hydrate  of  Ihne  is  no  doubt  a  compound  of  "^"*^ 
1  atom  lime  +  1  atom  water,  or  it  is  composed  by  weight  of 
Lime  -         ,         3-5  .         ,  100 

Water         .         .         1-125         .         .  3215 

Mr,  Dalton*  found  slacked  lime  well  dried  in  a  moderate 
heat  composed  of 

Lime  .         .  100 

Water         .         .  33-3 

The  result  of  Lavoisier's  experimentsf  gave 
Lime  ,  .  100 

Water         •         .  28*7 

Those  of  Berzeiiua 

Lime  ,         .         100 

Water         .         .  3217 

wUeh  is  very  near  the  theoretical  result. 

Gay-Lussac  has  Idt  upon  a  very  ingenious  methotl  of  crys-  cryitau, 
tallizing  Hme.  lie  dissolves  it  in  water,  and  places  the  lime- 
n^^ter  formed  in  an  open  vessel  under  the  exliausted  receiver 
of  an  air-pump,  along  with  a  quantity  of  concentrated  sulphuric 
acid  in  another  open  vessel.  When  the  acid  has  become  too 
weak  in  consequence  of  the  evaporation  of  the  lime  water  it  is 
withdrawn,  and  new  concentrated  acid  substituted  in  it«  place. 
By  deje^ees  the  lime  is  deposited  in  small  crystals,  which  ex- 
lubit  the  form  of  fnigments  of  six-sided  prisms.f 

By  my  trials  758  ^aiiis  of  cold  water  dissolve  1  ^rain  of  ^^^ 
lime«  Accordina^  to  Mr,  Dal  ton,  who  hfis  examined  this  sub- 
ject with  attention^  cold  water  dissolves  more  lime  than  hot 
water.  The  following  tfible  shows  the  solubility  of  lime  and 
its  hydrate  in  water  of  difierent  temperatures,  according  to  his 
experiments.§ 

•  Xew  System  of  Chemical  Philosophy,  i,  87. 
f  Lavoisier* B  Essays,  translated  by  Henry,  p.  280, 
%  Ann.  de  Chim,  et  Phys,  i,  334. 
J  New  System  of  Chemical  Philosophy,  W*  510. 
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1  Fart  of  Twkta  up  Tkka  ufi  of 

wsbaU  of  lime  dry  hfdz»t« 

60»  -  Iff  .  tA* 

•       ^  tiVtt  •  ^     ^  gxir 

Zwjf  «^'<7^6r,  as  tills  solution  is  called,  is  limpid,  has  an  ; 
taste,  and  changes   vegefable   blue   colours   to   green, 
usually  formeft  by  throwing  a  quaTitity  of  lime  in  powder  i 
pure  water,  allowiug  it  to   remain  for  some  time  in  a  cli 
vessel,  and  then  decanting  the  tTcinsparenl  solution  from 
undissolved  lime.     When  lime-water  is  exposed  to  the  sw 
stony  crust  soon  forms  on  its  surface  composed  of  carboDite< 
lime ;  when  this  crust  is  broken  it  falls  to  the  bottom,  asd  aiiotkr 
succeeds  it;  and  In  this  manner  the  whole  of  the  lime  iisotf 
precipitated,  by  absorbing  carbonic  acid  from  the  air* 

I'he  smell  perceived  during  the  slacking  of  lime  is  owiii|f*< 
a  part  of  that  earth  being  elevated  along  with  the  vapour  of  tk 
water;  as  evidently  appears  from  this  circumstance,  thai  itp^ 
table  bhies  exposed  to  this  vapour  are  converted  into  gwei. 

Limestone  and  chalk,  though  they  are  capable  of  being  «»• 
verted  into  lime  by  hurninrf^  possess  hardly  any  of  the  pwp<^ 
ties  of  that  active  substance*  Tliey  are  tasteless,  scarcely  sA* 
ble  in  water  and  do  not  perceptibly  act  on  animal  bodies,  No^i 
to  what  are  the  nt^w  projierties  of  lime  owing  ?  What ; 
tion  does  it  undergo  in  the  fire  ? 

It  had  been  long  knowTi,  that  limestone  loses  a  good  dot 4 
weight  by  being  burned  or  calcined.  It  was  natural  to  : 
therefore,  that  something  is  separated  from  it  duriiig  \ 
tion.  Accordingly,  Van  Helmont,  I-udovicus,  and  MaeqK 
made  experiments  in  succession,  in  order  to  tliseover  whaldil 
mmething  is ;  and  they  concluded  from  them  that  it  is 
waieTy  which  the  lime  recovers  again  when  exposed  to  ' 
atmosphere.  As  the  new  properties  of  lime  could  liardlyl 
ascribed  to  this  loss,  but  to  some  other  cause,  Stahl's  opiu 
like  all  the  other  ehemieal  theories  of  that  wonderful 
was  generally  acceded  to.  He  supposed  that  the  new  pn 
ties  which  lime  acquired  by  calcinadon  are  owing  entii'ielyl 
the  more  minute  division  of  its  piirticles  by  the  action  of  ' 
fire,  Boyle  indeed  had  endeavoured  to  prove  that  these  pf»J 
perties  are  owing  to  the  fixatkm  of  fire  in  the  lime:  a  I 
w^hich  was  embraced  by  Newton  and  illustrated  by  Hales,  i 
which  Meyer  new  modelled,  and  exjilained  with  so  mud 
ingenuity  and  acutene&s  as  to  draw  the  attention  of  the  wf^ 
distinguished  chemists.    But  while  Meyer  was  thus  eniplof^ 


CALCIUM. 


439 


in  Germany,  Dr.  Black  of  Edinburgh  published,  iu  1756, 
those  colebrated  experiments  which  form  so  brilliant  an  era  in 
the  history  of  chemistry. 

He  first  ascertained,  that  the  quantity  of  water  separated 
from  limejitoiie  during  its  calcination  is  not  nearly  equal  to  the 
weight  which  it  loses.  He  concluded  in  consequence,  that  it 
must  have  lost  some  tiling  else  tlmn  mere  water-  \\Tiat  this 
could  be,  he  was  at  first  at  a  loss  to  conceive ;  but  recollecting 
that  Dr.  Hales  had  proved  that  limestone,  during  its  solution 
in  acids,  emits  a  great  quantity  of  air^  he  conjectured  that  ^i^ 
might  probably  be  what  is  lost  during  calcination.  He  cal- 
cined it  accordingly,  and  applied  a  pneumatic  apparatus  to 
receive  the  product*  He  found  his  conjecture  verified;  and  that 
the  air  and  tlie  water  which  sepamted  from  the  lime  were 
together  precisely  equal  to  the  loss  of  weight  which  it  had  aus- 
tained.  Lime  therefore  owes  its  new  properties  to  the  loss  of 
air;  and  limestone  differs  from  lime  merely  in  being  combined 
with  a  cerUiin  quantity  of  air:  for  he  found  that,  by  restoring 
again  the  same  quantity  of  air  to  lime,  it  was  converted  into 
limestone.  This  air,  because  it  existed  in  lime  in  a  fixed 
state,  lie  called^ccf  air.  It  was  aftemards  examined  by  Dr. 
Priestley  and  other  philosophers;  foimd  to  possess  peculiar 
properties  and  to  be  tliat  species  of  gas  now  known  by  the 
name  of  carbonic  acid  ffajt.  Lime  then  is  the  simple  substance, 
and  limestone  is  composed  of  carbonic  acid  sind  lime.  Heat 
separates  the  carbonic  acid  and  leaves  the  lime  in  a  state  of 
purity. 

W^'hen  lime  is  exposed  to  the  open  air,  it  gradually  attracts 
moisture,  and  fiills  to  powder ;  after  which  it  soon  becomes 
saturated  with  carbonic  acid,  and  is  again  converted  into  car- 
bonate of  lime  or  unbumt  limestone. 

My  experiments,  I  conceive^  leave  no  doubt  that  the  atomic  ; 
weight  of  lime  is  3'5.*      From  the  decomposition  of  lime  by 
chlorine,  it  is  pretty  evident  that  it  is  a  compound  of  one  atom 
of  base  and  1  atom  of  oxygen*    Hence  its  constituents  must  be 

Calcium         .         .         2'5 

Oxygen         .•!*(> 
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and  the  atomic  weight  of  calcium  must  be  2*5. 

Lime  is  applied  to  a  great  variety  of  uses.     It  serves  as  a 
manure  to  land  ;  tt  is  employed  as  an  antacid  in  medicine ;  it 
*  Annmls  of  Philosophy  (2d  8enei»),  i*  9* 
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omp-  "*■    U  aa  excellent  building  stone,  and  it  constitutes  the  easenti 
^       ingredient  in  mortm". 

Mortar  is  composed  of  quicklime  and  sand  redu<!ed  to  a] 
with  water.     Wlieu  dry  it  becomes  as  hard  as  stone»  and 
durable;  and  adbering  very  strongly  to  the  surfaces  of  the  i 
which  it  is  employed  to  cement,  the  whole  wall  beeomeB . 
fact  notlnng  else  than  one  single  stone.    But  this  effect  i^  i 
duced  very  imperfectly  unless  the  mortar  be  very  well  prep 
The  lime  ought  to  be  pure,  completely  free  from  carb 
acid,  and  in  the  state  of  a  very  fine  powder :  the  sand 
be  free  from  clay,  and  partly  in  the  state  of  fine  sand, 
that  of  gravel :  the  water  should  be  pure  ;  and  if  pr 
saturated  with  lime,  so  much  the  better.    The  best  propor&Hb 
according  to  tlie  experiment*  of  Dr.  Higgins,  are  3  pvtirf 
fine  sand,  4  parts  of  coarser  sand,  1  part  of  quicklime  reeeoAf 
slacked,  luid  as  little  water  as  possible. 

The  stony  consLstence  which  mortar  acquires  is  o^^g^  pirtljr 
to  the  absorption  of  c*aTbo]iic  acid,  but  principally  to  the  oooh 
bination  of  ptut  of  the  water  with  the  lime.  Xhis  last  drolls 
sttince  is  the  reason,  that  if  to  common  mortar  one-fourdi psl 
of  lime,  reduced  to  powder  without  being  slacked,  be  uUli 
the  mortar  when  dry  acquires  much  greater  solidity  tlutB  it 
otherwise  won  Id  do.  This  was  first  proposed  by  JLoriot;*  ttl 
a  number  of  experiments  were  afterwards  made  by  Morrcukt 
The  proportions  which  this  philosopher  found  to  answer  bi 
are  the  following : 

Fine  sand  .         .         .  ,  .  0-3 

Cement  of  well  baked  bricks         .  .  o-{ 

Slacked  lime  ...  .0-1 

Unslacked  lime  .         .         ,  , 


10 
Tlie  same  advantages  may  be  attained  by  using  as  little  ^ 
as  pos&ible  in  slacking  the  lime.    This  w^as  first  pointed  out  I 
La  Faye.f. 

Higgins  found  tliat  the  addition  of  burnt  bones  imp 
mortar  by  giving  it  tenacity,  and  rendering  it  less  apt  to  i 
in  drying ;  but  they  ought  never  to  exceed  one-fourth  of  I 
lime  employed. 

When  a  little  clay  is  added  to  mortar,  it  acquires  the  i 
portant  property  of  hardening  under  water  |  so  that  it  nuif  1 


*  Jour,  de  Phyigiii.  231. 


t  Ibid.  vi.  311 


I  Ibid.  is.  ml 
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employed  in  eonstrucfing;  those  edifices  wliit^h  are  ccnstautly 
expt^i«ed  to  the  action  of  TiiTiter.  Limestone  h  found  not  un- 
freqnendy  mixed  witli  clay  :  and  in  that  case  it  becomes  brown 
by  ddeioalion,  instead  of  white.  These  native  limestones  are 
employed  for  making  water  mortar;  but  gtwd  water  mortar 
may  be  made  by  the  following  process,  first  proposed  by  Mor- 
veau:  Mix  together  4  parta  of  blue  cby,  6  parts  of  black 
oxide  of  manganese,  ajid  90  parts  of  limestone,  all  iJi  powder. 
Calcine  tliis  mixture  to  expel  the  carbonic  acid,  mix  it  with 
60  parts  of  sand,  and  form  it  into  mortar  with  a  sufficient 
quantity  of  water, • 

The  best  mortar  for  resisting  water  is  made  by  mixing  with 
lime  puzzolano*  a  volcanic  sfind  brought  from  Italy*  Morveau 
informs  ils  t!iat  basattis^  which  is  very  common  in  this  country, 
may  be  substituted  for  pu^zolano*  It  must  be  heated  in  a  fur- 
nace^ tlirown  while  red-hot  into  water,  and  then  piissed  through 
a  sieve  to  reduce  it  to  the  proper  sizcf 

I  find  by  analyzing  Arden  lime,  near  Cilasgow,  which  con- 
stittiles  an  excellent  water  mortar,  that  it  contains  a  consider- 
able quantity  of  f^ilica,  and  that  when  the  lime  is  burnt  the 
silica  enters  into  chemical  combination  with  it.  For  when  the 
lime  is  dissolved  in  muriatic  acid  and  the  solution  sufficiently 
concentrated,  the  silica  gelatinizes.  It  seems  to  be  this  silicate 
of  lime  which  gives  tlie  mortar  the  property  of  setting  under 
water, 

•2.  Peroxide  of  lime  was  discovered  by  M.  Thenard.  He 
obtained  it  by  letting  fall,  drop  by  drop,  limewater  into  deut- 
oxide  of  hydrogea,  Small  brilliiuit  scales  fidi,  which  constitute 
the  peroxide  of  lime*  It  undergoes  spontaneous  decomposition 
when  kept  under  water,  and  cannot  be  dried  in  vacuo  without 
losing  its  excess  of  oxygen.  It  Is  composed,  according  to 
Thenard,  of 

1  atom  calcium  .         •         2*5 

2  atoms  oxygen  •         *         2 
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and  its  atomic  weight  is  4-5. 

III.  Chloride  of  calcium  is  easily  formed  by  passing  a  cur- 
rent of  dry  chlorine  gas,  over  lime  previously  heated  to  red- 
ness. The  oxygen  of  the  lime  is  disengaged  and  chloride  of 
calcium  formed*  as  was  first  sbow^  by  Sir  H.  Davy.     It  may 


Chloride 


•  Ann*  de  Oitixi*  xxxvit.  250. 
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be  obtained  also  by  simply  dissolving  lime  in  muriatic  acid, 
and  crystalizing  the  solution*  It  possesses  tbe  characters  of  a 
salt,  and  will  therefore  be  described  in  the  second  volume  of 
this  work. 

The  bromide  and  iodide  of  calcium  are  also  salts,  and  will 
be  described  hereafter. 

But  ciiloriiie  has  the  properly  of  combining  with  hydrate  of 
lime,  and  of  forming  a  compound  which  may  be  called  chloride 
of  lime*  Itw^as  first  made  by  Messrs.  Tennant  and  Macintosh, 
of  Glasgow,  and  has  now  become  a  most  important  article  of 
commerce,  under  the  name  of  bleaching  powder.  It  is  made 
by  exposing  slacked  limcj  in  fine  powder,  in  a  chamber  filled 
witli  chlorine  gas,  till  it  refuse  to  absorb  any  more,  *Some 
years  ago,  wlien  examined  by  Mr*  Dalton,  it  was  a  compound 
of  1  atom  chlorine  and  2  atoms  lime ;  but  of  late  years  the 
quality  has  been  so  much  improved  that  it  is  now  (as  manufac- 
tured in  Glasgow,}  a  compound  of 

1  atom  chlorine         .         .         4'5 
I  atom  lime  .  .         S'5 
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at  least  very  nearly,  for  it  dissolves  in  water  leaving  only  a 
very  slight  residue,  consisting  chiefly  of  impurities  in  the  lime, 
wdth  a  very  little  lime.  This  chloride  has  an  exceedingly  hot 
taste,  and  dissolves  readily  in  water.  Its  bleaching  properties 
are  so  considerable  that  it  is  always  used  in  this  comitry  for  the 
bleaching  of  cotton  cioth,  which  is  never  now  exposed  to  the 
sun  upon  grass  as  formerly.  When  exposed  to  tbe  air  it 
remains  for  some  hours  unaltered ;  but  at  last  begins  to  absorb 
moisture,  and  flows  ultimately  into  a  liquid  which  eonsLstsof  a 
solution  of  chloride  of  calcium.  It  has  a  peculiar  smell,  not  quite 
the  samcj  but  analogous  to  that  of  chlorine.  When  heated  it 
gives  out  oxygen  gas  mixed  at  first  with  a  little  chlorine, 

Tbe  usual  mode  of  determining  the  strength  of  bleaching 
powder,  is  to  ascertain  how  much  solution  of  indigo  in  sulphu- 

■  ric  acid  is  discoloured  by  a  given  weiglit  of  the  powder  pre- 
I  viously  dissolved  in  water*  But  this  method,  notwithstanding 
I  the  ameliorations  introduced  into  it  by  Gay-Lussac,  is,  I  think 
I  liable  to  considerable  uncertainty.     I  have  been  in  the  habit 

■  myself  of  testing  tbe  bleaching  powder  by  means  of  muriate  of 
I  manganese,  winch  it  has  the  property  of  tlirowing  down  in  the 
I  state  of  teroxide  of  manganese,  and  the  weight  of  teroxide 
I  obtained  measures  the  strength  of  tbe  bleaching  powder*     The 
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only  precaution  necessary,  is  to  take  care  that  the  solution  of    F'^^r  i* 

the  bleaching  powder  contains*  no  free  Hine,  which  is  almost 

always  the  case.  This  excess  must  be  exactly  neutmlizcfl  by 
muriatic  acid,  and  care  must  be  taken  not  to  add  too  mncli, 
otherwise  the  rt^ult  will  not  be  exact.  This  makes  the  pro- 
cess rather  unfit  for  common  bleachers ;  though  it  has  been 
recommended  by  Morin  as  preferable  to  tlie  indigo  test,*  Mr. 
Dalton  proposed  the  addition  of  a  solution  of  bleaching  powder 
to  a  solution  of  protosulphate  of  iron,  till  the  smell  of  cJilorine 
begins  to  be  perceived.  And  my  friend  Mr.  Crum,  one  of  tlie 
most  extensive  bleachers  in  the  neiglibourhood  of  Glasgow,  and 
an  excellent  practical  chemist^  informs  roe  tliat  he  always  em- 
ploys this  method^  and  finds  it  both  exact  and  delicate. 

With  respect  to  the  nature  of  bleaching  powder,  two  opinions  ^^^"^^J* 
at  present  divide  the  chemical  world.  The  first  and  the  most 
common  one  Ls,  that  it  is  a  compound  of  chlorine  and  lime.  The 
second  is  that  advanced  by  Berzelius ;  w^hich  must  at  present 
be  viewed  in  the  light  of  an  ingenious  and  plausible  conjecture. 
According  to  him  chlorine  and  oxygen  are  capable  of  forming 
an  acid  containing  less  oxygen  than  chloric  acid,  and  which, 
therefore,  he  calls  chlorous  acid.  We  do  not  yet  know  the 
exact  composition  of  this  acid,  but  we  may  suppose  it  (for  the 
sake  of  explaining  the  nature  of  the  chloride),  a  compound  of 
1  atom  chlorine  and  3  atoms  oxygen.  When  the  chlorine 
comes  in  contact  with  the  lime,  three-fourtlis  of  the  lime  give 
out  their  oxygen  to  1  atom  of  cblorine,  and  convert  it  into 
chlorous  acid.  This  atom  of  chlorous  acid  unites  to  the  remain- 
ing fourth  of  the  lime,  and  forms  with  it  chlorite  of  lime,  while 
the  three  atoms  of  calcium  evolved  tmite  to  chlorine,  and  form 
chloride  of  calcium.  According  to  this  view  of  the  subject 
bleaching  powder  is  a  mixture  of 

3  atoms  chloride  of  calcium  =  21 
1  atom  chlorite  of  lime  =11 

So  that  nearly  two-thirds  of  it  is  chloride  of  calcium,  and  little 
more  tlian  one- third  chlorite  of  lime.  It  is  to  the  chlorite  of 
lime  that  the  bleaching  powers  of  the  liquid  are  owing.  Its 
oxygen  being  loosely  combined  is  given  out,  and  acting  on  the 
colouring  matter  of  the  cloth  produces  its  bleaching  effects,f 

This  opinion  of  Berzelius  is  founded  chiefly  upon  the  pro- 
perties of  the  combination  of  chlorine  and  potash.     It  yields, 


•  Ann.  de  Chim.  et  de  Phys,  xxxvih  \^, 
t  Poggendorrs  AniuJeii<  xii.  S2U* 
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ciM^  lit.    when  evaporated,  a  peculiar  salt  which  dissolves  in  water, 

^^  possesses  bleaching  properties.       Faraday   obtained  a  simiJ 

salt  when  tlie  disinfecting  liquitl  of  Labaraque,  formed  by  coq 
bining  a  determinate  quantity  of  chlorine  gas  with  solution  i 
carbonate  of  smla  is  evaporated  to  dryness*  No  chlorine 
g-iven  off  ilnring  the  eva[mriition,  and  the  salt  possesses  pe 
properties,  and  lias  bleaehiiig  powers.  Tliese  facts  undout 
deserve  tlie  attention  of  eliemlst^,  and  are  sufficient  to  satisfir' 
lis  that  tlie  nature  of  this  combination  has  not  yet  been  accu- 
rately determined*  It  is  rather  inconsistent,  however*  witk 
the  opinion  of  lierzeliuH,  that  bleaching  powder  do€i  Jl0t 
attract  moisture  from  the  atmosphere  nearly  so  fast  as  wewouU 
expect,  from  a  substance  containing^  so  great  a  proportiofi  of 
chloride  of  calcium,  a^  his  hypothesis  would  indicate.  It  is 
also  remarkable  that  chlorine  gas  ia  evolved  when  stdpburic 
acid  is  dropt  into  a  solution  of  bleaching  powder.  This  ina 
not  hap]>en  %i'hen  we  pour  that  acid  into  a  solution  of  chkHUi 
of  potash.  I  sxiy  notldng  respecting  the  quateroxide  of  cU** 
rine  of  Da^'y  ami  Count  Von  Stadion,  because  the  analyst tf* 
that  oxide  is  probably  iriaccumte.  Yet  it  would  require  to  be 
proved  so,  before  the  existence  of  a  chlorous  acid  coiddbf 
admitted.  The  investigation  of  the  nature  of  this  substasoeii 
environed  with  many  difficulties;  but  it  is  highly  worthy  tki 
attention  of  chemists. 

phcuphurot  IV.  Phospliuret  of  calcinm  may  be  formed  precisely  in  di 
same  way  as  phosphuret  of  iMrium.  This  phosiphuretunsfiitf 
formed  by  Mr,  Smithson  Tennant,  Phosphuret  of  calcium ilf 
a  deep  brown  colour,  and  is  moulded  iiUo  the  shape  of  lb 
tube.  It  falls  to  pieces  in  the  air.  It  is  insoluble  in  nilif; 
but  it  has  tlie  property  of  decomposing  that  liquid*  PhoiplBI' 
retted  hydrogen  mixed  \rith  hydrogen  gas  is  emitted,  i 
takes  fire  as  soon  as  it  comes  to  the  surface  of  fjie  water. 

This  phosphnret  has  not  yet  been  anal^^ed  ;  but  it  is  exceed* ' 
ingly  probable  that  like  phosphuret  of  barium  it  is 
pound  of 

1     atom  phosphate  of  lime  .  •  ,  g 

2^  atoms  biphosphuret  of  calcium  .  .  1  \*^ 

V,  Sulpliur  and  cidcinm  unite  in  various  proportions, 
only  of  these  sulphurets  have  been  hitherto  exmnioed. 

SiOphuret  1,   Sulphuret  of  cjdcium  is  obtained  when  we  mix  j 

sulphate  of  lime  in  powder  with  about  J^th .  of  its  we^t ' 
charcoal  |>owder,  and  expose  the  mixture  in  a  covered  cnicilkl 
to  a  w4iite  heat  for  a  couple  of  hours*      It&  colour  is  rediBA| 
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It  dtaaolves  imperfectly  in  water,  but  with  great  ease  in  ^^^a^TL 
muriatic  acid,  while  a  ^reat  quantity  of  sulphuretted  hydriigen 
gas  is  evolved.  On  tliL**  accouiU  lierthier  reco  ram  ends  tins 
procegs  as  the  easiest  and  cheapest  for  procuring  sulphuretted 
hydrogen  gas,*  It  may  he  obtained  (but  mixed  with  soilphate 
of  lime),  idao  when  we  heat  a  mixture  of  lime  and  sulphur  exiu- 
tiously  to  redneift  in  a  covered  crucible.  When  thus  prepared 
it  is  a  pyrophonis,  and  is  known  under  the  name  of  phosjihorus 
of  Canton.     This  sulphuret  is  a  compound  of 

1  atom  sulphur         •         •         2 

1  atom  calcium         •         •         2^5 


4-5 

45  grains  of  it,  when  dissolved  in  muriatic  acid^  give  out  21| 
grains  of  sulphuretted  hydrogen  gas. 

2*  Bmdphurct  ofcakium  wiis  discovered  by  Mr.  Herschell,  auiuphuftC" 
It  may  be  obtained  by  boiling  a  mixture  of  slacked  lime,  sid- 
phur,  and  wat^r,  and  allowing  the  liquid  to  cool  slowly  before 
it  be  perfectly  saturated  with  sulphur.  Yellow  coloured  crj^s- 
tals  separate,  which  are  more  abundant  when  allowed  to  form 
over  the  excess  of  lime  and  sulphur  contained  in  the  liquid. 
These  crj'stals  require  4iJ0  time*  tJieir  weiglit  of  water  at  60^ 
to  dissolve  ihem.  But  they  are  raore  soluble  in  boiling  water. 
Their  water  of  cryst^fdlization  amounts  to  43*45  per  cent,  of 
their  weight.     They  consist  of 

2  atoms  sulphur         .         .         4 
1  atom  calcium  .         .         ^*5 
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It  is  obvious  that  the  crystals  consist  of 
I     atom  bisulphuret  of  calcium 
4^  atoms  water 


6-5 

50625 


11 -5625 
3.   When  sulphuret  of  calcium  is  boiled  in  water  with  sul- 
phur, till  no  more  sulphur  ciin  be  dissolved,  we  form  a  persul- 
phuret  of  calcium  composed  of 

5  atoms  sulphur         .         •  10 

1  atom  calcium  .  2*5 
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^*^  "**        This  persulphuret  was  proposed  many  years  ago  iJi  Ireland 

as  a  substitute  for  potasli  ley  in  bleaching.      WTiether  it  b|H 
employetl  in  any  part  of  Ireland  for  this   purpose   I  do  nj^^ 
know.     But  the  hleLtchers  in  tliis  part  of  the  country  never 
make  any  use  of  it  ^H 

VL   Nothing'  is  known  respecting  the  combination  of  telBH 
nium  and  caknum^  and  scarcely  any  experiments  have  been 
made  on  t!ie  alloys  which  calcium  may  be  capable  of  formiDg 
with  the  diflferent  metals. 


HUtOTy. 

I. 


SECTION  VII, — OF  MAGNESIUM. 

About  the  begirming  of  the  eighteenth  centurj^  a  Rooaa 
canon  exposed  a  white  powder  to  sale  at  Rome  as  a  cure 
all  diseases.  This  powder  be  called  ma ff fiesta  aOxu  He  k 
the  manner  of  {jrepariiig  it  a  profound  secret;  but  in  17 
Valentini  informed  the  public  that  it  might  be  obtained  bf 
calcining  the  lixivium  which  remains  after  the  preparation  of 
nitre  ;♦  and  two  years  after,  Slevogt  discovered  that  it  m%il 
be  precipitated  by  potash  from  the  mother  ley+  of  nitre, J  TTii 
powderwas  generally  supposed  to  hQiime^  till  Frederic  HoffioMO 
observed  that  it  formed  very  different  combinations  w^th  otfccr 
bodies.5  But  little  was  kno^Ti  concerning  its  nature,  aoH  it 
was  even  confounded  with  lime  by  most  chemists,  till  ft* 
Black  made  his  celebrated  experiments  on  it  in  1755,  Mw- 
graff  published  a  dissertation  on  it  in  1759,  ||  and  Berraui 
another  in  1775,  in  which  he  collected  the  observatiODS  of, 
these  two  philosophers,  and  which  he  enriched  also  with 
additions  of  his  own.^  Butini,  of  Geneva,  likewise  publisbi 
a  valuable  dissertation  on  it  in  1779, 

Magnesia  is  never  found  native  in  a  state  of  purity,  but 
may  be  prepared  in  the  following  manner :   Sufphait  of 
nesia^  a  salt  composed  of  this  earth  and  sulphuric  acid,  e: 
in  sea-water^  and  in  many  springs,  particularly  in  some  t1 
Epsom  ;  from  which  circumstance  it  was  formerly  called  E\ 
salt    This  salt  is  to  be  dissolved  in  boiling  water,  and  a 

•  De  Magnesia  Alba. 

f  The  mother  ley  im  the  liquid  that  remains  after  as  much  as 
any  salt  has  been  obtaiiTed  from  it.    Common  salt^  for  instance^  is 
by  evaporating  sea- water.     After  as  much  salt  has  been  extrsicted  ^n? 
quantity  of  sea-water  as  will  crystallize,  there  is  still  a  portion  of 
remaining.     This  portion  is  the  mother  \^y, 

\  Disa.  de  Magnesia  Alba. 

§  Obs,  Phys.  Chim.  1722,  pp.  105  and  177,  y  Optis.  iL  SO. 
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solution  of  carboimte  of  soda  added.    The  magnet  is  precipi-    flT^viL 
tiitvtl  in  tlie  state  of  a  carbonate.    It  is  then  to  be  washed  with 
a  sufficient  quantity  of  water,  dried,  and  heated  to  redness. 

Mag^nesia,  thus  oht^iined,  is  a  very  soft  white  powder,  wliich 
has  very  little  taste,  and  is  totally  destitute  of  smelL  Its  j^pecific 
gnivity  is  alM>ut  2*3. •    It  converts  vegetable  blues  to  green, 

I>ayy,  after  It  is  decomposition  of  potash  and  soda,  was 
naturally  led  to  conjiider  magnesia  also  to  be  a  metallic  oxide. 
He  succeeded  in  decomposing  it  by  the  same  process  by  wliich 
he  decomposed  tlie  other  alkaline  earths.  When  moistened 
magnesia  h  exposed  to  the  actidn  of  galvanism  in  contact  ^4th 
mercury,  the  earth  is  reduced,  and  it**  b;ise  amalgamated  with 
mercury  much  more  ftlsirly  than  the  other  alkaline  earths; 
owing  probably  to  its  insolubility  in  water.  The  process 
succeeds  much  more  rapidly  when  moistened  sulphate  of  mag- 
uesia  is  substituted  fur  the  pure  earth.  To  the  l>ase  of  magnesia 
thus  obtained,  Davy  gave  the  name  of  magnesium. 

Magnesium  is  a  white  solid  metal,  having  the  appearance  of  Mmgiwuum, 
silver;  sinks  rapidly  in  water,  and  of  course  is  considerably 
heavier  than  that  liquid.  When  the  amalgam  of  magnesiimn 
is  distilled  in  a  glass  tube  filled  with  the  vapour  of  naphtha, 
the  metal  spears  to  act  upon  tlie  glass  before  the  whole  of  the 
mercury  is  separated  from  it.  Of  course  it  is  difficult  to  obtain 
it  in  a  state  of  purity.  When  exposed  to  the  air  it  rapidly 
sfaaorhs  oxygen,  and  is  converted  into  magnesia.  It  decom* 
poses  filter,  sei>aratlng  the  hydrogen,  and  combining  with  tlie 
oxygen ;  but  not  nearly  so  rapidly  as  the  other  metals  obtained 
from  the  alkaline  earths;  owing,  doubtless,  to  the  insolubility 
of  the  magnesia  in  water-  But  when  the  water  is  acidulated 
with  sulphuric  acid,  the  decomposition  of  ^^ter  and  the  forma- 
tion of  magnesia  goes  on  with  great  rapidity, 

M.  Bussey  has  lately  announced  that  by  passing  the  vapour  ^ 
of  potassium  over  the  chloride  of  magnesium,  heated  to  redness 
in  a  porcelain  tube,  the  magnesium  is  disengaged  and  may  be 
collected  on  a  filter.  It  is  in  the  state  of  brown  flocks,  which 
when  rubbed  in  an  agate  mortar  at^ume  the  metallic  lustre, 
and  resemble  lead  in  appearance.  According  to  Bussey,  mag- 
nesium is  not  attacked  by  dilute  nitric  acid,  but  it  is  dissolved 
bv  muriatic  acid.    When  heated  before  the  blow-pipe  it  takes 


♦  Kirwan'tf  Miner,  i.  8. 

t  Dftvjf'a  Electro-cheiTiiail   RescBrchcs  on  the  Decomposition  of  th« 
Etfths,  &c     Phil.  Tniitft.  1808. 
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c*>*p-  ^^^    fire,  and  is  converted  into  magnesia.^     I   am  not  aware 
liiis   eJtperiment  of  Bussey  lias  been  verified   by  any 
chemmt 

IL  We  are  at  present  acquainted  with  only  one  aidde 

mag^nesium ;  namely,  magnesia^ 

Mtignesia  occurs  in  considerable  quantity  in   the  state 
anhydrous  carf>onate.     A  whole  range  of  low  hills  com 
of  it  is  «aid  to  exist  in  ludia*     In  serpentine  rocks  it  ocean 
the  state  of  a  hydrate,  composed  of  1  atom  magnesia  and  I  atom 
water.     Fine  specimens  of  this  hydrate  occur  at  Sw^inaness  la 
Unst,  one  of  the  Shetland  Lslands,  where  it  was  discovered  by 
Dr,  Hibhert,  traversing  the  serpentine,  in  veins.    It  occnrsaiiv 
at  Hoboken  in  New  Jersey.     It  occurs  also  in  the  state  of 
hydro-carbonate,  a  silicate,  bhiilicate,  and  tersilicate,  and  enti 
also  as  a  constituent  into  a  considerable  number  of  minemK 
which  it  exists  in  the  state  of  double  or  triple  salt. 

IVIagnesia  is  not  melted  by  ttie  strongest  heat  which  it  be 
been  posssible  to  apply;  but  Mr.  Darcet  ob»er\^ed  that,  in  & 
very  high  tern j»era tore,  it  became  somewhat  ag^rlutinatoi 
When  formed  into  a  etike  with  water,  imd  then  exposed  10 1 
\iolent  beat,  the  water  is  gradually  driven  off,  and  tlie  magotfli 
contracts  in  its  dimensions ;  at  the  siimc  time,  as  Mr.  ThoftJ 
informs  us,  it  acqidres  the  property  of  shijiing-  in  the  dark  vks 
rubbed  upon  a  hot  iron  plate.  Dr.  Clarke^  by  a  stream  of 
oxygen  and  hydrogen  gases,  fused  it  with  great  dilEcuily  iBl» 
a  white  enaiiieL 

Biitini  of  Geneva  showed,  many  years  ag'o,  that  carbottttt 
of  magnesia  is  soluble  in  water,  and  more  soluble  in  cx»ld  tbtf 
in  hot  Wtiter.  The  subject  \^^as  taken  up  about  ten  wanag* 
by  Dr.  Fife  of  Edinburgh,  who  ascertained  that  at  til'i",! 
part  of  magTiesiu  requires  ;>6,000  parts  of  water  to  dissolve 
but  at  the  temperature  of  60°,  1  part  of  ma^iesia  requires  k 
solution  only  5760  parts  of  water.  Carbonate  of  manesiii 
soluble  in  2493  parts  of  cold,  and  requires  90(H>  parts  of 
hig  hot  water  to  dissolve  it.f 

1.   Caustic  magnesia  does  not  solidify  water  like  barr^ 
strontian,  and  liuie ;  hence  h  does  not  become  hot  wbea 
is  thrown  on  it.    Neither  does  it  absorb  carbordc  acid 
the  atmosphere.     It  liEis  a  strong  affinity  for  silica.     Dr. 
laston  first  pointed  out  a  method  of  detecting  the  presence 
the  minutest  quantity  of  magnesia  in  minerals.      Hiiy 


Hov  detect. 


'  PoggendorTs  Annals,  xiv,  181, 
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h  as  follow?^:  Dissolve  in  a  wi\tch  g\nsf>  a  minute  frag^mejit  of    ^'^"y '■ 

the  mineraU*      Render  the  f^oliitioii  neutral  by  cautions  eva- ~ - 

poration;  tlieii  wlule  hot  add  a  little  oxalate  of  ammonia  to 
precipitate  anyiime  which  it  may  contain.  Let  tlie  precipitate 
fill  It  and  tiike  a  few  drops  of  the  clear  liquid  and  put  them  on 
a  slip  of  window-glass.  Add  a  drop  or  two  of  hicarhonate  of 
ammonia^  and  afterwards  a  drop  or  two  of  Hiphosphate  of 
ammonia.  Then  draw  a  little  of  the  clear  solution  to  one  side 
with  a  glass  roil,  aiul  trace  any  letters  or  lines  across  it  with  a 
glass  rod.  On  exposing  it  to  a  gentle  heat,  white  traces  will 
be  perceived  wherever  the  rod  was  applied. 

It  has  been  ascertained  that  sulphate  of  magnesia  (abstract-  Atomic 
ing  the  water)  is  a  coni[>ound  of 

Sul[>hnric  acid         .         •         5 
Magnesia  ,         .         2-5 

75 

Now  the  salt  is  neutrah  and  consequently  the  atomic  weight 
of  magnesia  Is  2*5,  From  Davy's  experiments,  it  is  clear  that 
magnesia  is  a  compound  of 

1  atom  magnesium  .  .  1-5 

1  atom  oxygen  .         ,  1 

2-5 
Consequently  the  atomic  weight  of  magnesium  is  l'$, 

II L  When  magnesia  is  heated  in  chlorine  gas  it  parts  with  ch^ortd*. 
its  oxygen,  and  is  converted  into  cliloride  of  magnesium.  As 
tjjis  chloride  possesses  the  characters  of  a  sidt,  the  account  of  it 
is  deferred  to  the  second  volume  of  this  work.  For  the  same 
reason  the  bromide  and  iodide  of  magnesium  will  occupy  our 
atte  n  t  io  n  af te  rwar ds» 

IV.  Nothing  is  known  respecting  any  compounds  which 
magnesium  may  he  capable  of  forming  with  hydrogen,  azote, 
carbon,  boron,  silicon,  or  j^hosphorus. 

V,  No  accurate  experiments  have  hitherto  been  made  upon  Suiphunt. 
the  fonnation  of  the  sulphuret  of  magnesinm.  Berthier,  wlio 
fonned  so  many  sulphurets  by  heating  sulphates  w^ith  charcoal, 
does  not  appear  to  have  tried  the  sulphate  *>f  magnesia.  If  we 
mix  hydrate  of  msignesia  with  water,  and  pass  a  current  of 
sulphuretted  hydrogen  gas  through  the  sohition,  as  long  as  that 

•  If  it  is  not  soluble  it  muH  be  rendered  so  by  previous  fusion  with  okr* 
butmU  of  BO<lat 

I.  2  G 
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omp.  iil  gas  continues  to  be  absorbed^  filter  the  soluddn,  and  boil  it  in 
a  retort,  the  uncombined  sulphuretted  hydrogen  gas  is  driren 
off,  and  a  white  mucilaginous  matter  falls  down,  which  is  a 
sulphuret  of  magnesium.  The  same  sulphuret  is  obtained  whoi 
hydrosulphuret  of  potash  is  mixed  with  a  solntion  of  snlphatr 
of  magnesia. 

When  caustic  magnesia  and  sulphur  are  boiled  in  watnv  a 
sulphuret  of  magnesium  is  gradually  dissolved.  But  the  pm- 
cess  is  tedious,  and  yields  a  very  small  quantity  of  prodsci 
We  do  not  succeed  in  forming  a  sulphuret  when  we  hot 
magnesia  and  sulphur  together  in  a  crucible.  The  saiplw 
flies  off  and  leaves  tlie  magnesia  unaltered. 

VI.  Nothing  is  known  respecting  the  seleniet  ci  na^BCsiiiB 
or  of  the  alloys  which  it  may  be  capable  of  forming  with  ik 
metals. 

The  Oxides  of  these  seven  metals  constitute  the  most 
powerful  alkaline  bodies.  They  all  combine  readily  with  acids 
and  form  salts.  These  salts  have  been  more  completely  a- 
vestigated  than  any  others.  An  account  of  them  will  be  giici 
in  a  subsequent  part  of  tliis  work.  All  the:  chloridesy  faroinidef> 
and  iodides  of  these  bodies  are  also  salts.  The  order  dl  tk 
afiinity  of  these  bodies  for  acids  is  as  follows : 


Barytes, 

Lime, 

Strontian, 

Lithia? 

Potash, 

Magnesia. 

Soda, 

But  to  this  order  there  are  some  exceptions.  For  exanpl^ 
lime  unites  to  oxalic  acid  in  preference  to  any  of  the  odiff 
bases,  when  they  are  all  in  solution  together. 


FAMILY  IL— EARTHY  BASES. 
The  six  bodies  belonging  to  this  family,  when  unitfJ* 
oxygen,  form  white,  tasteless  powders,  insoluble  in  water, ai' 
formerly  distinguished  by  the  name  of  earths.  It  is  nowkiw** 
that  there  is  no  true  distinction  between  eiirths  and  mdati 
oxides.  But  the  six  bases  included  in  this  family  have  so  mavf 
properties  in  common,  that  it  is  proper  to  consider  tlMS 
together.  And  for  want  of  a  better  name  I  have  distin^uiskc' 
the  family  by  the  term  Earthy,  which  was  formerly  aj^liedv 
the  oxides  of  these  bases. 
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SECTION  I, OF  ALUMIKUM, 

Alum  18  a  fialt  which  was  known  many  centuries  ago,  and 

employotl  in  tlytMug-,  though  iUeompoiient  parts  were  unknown. 
The  iik'h ymisU  discovered  tluit  it  is  composed  of  sulphuric  acid 
and  an  earth ;  but  the  nature  of  this  earth  ^^as  long  unknown. 
Stahl  and  Neunmn  Ruppt>«!ed  it  to  he  lime;  but  in  1728Geoffroy, 
junior,  proved  this  to  be  a  mii^itake,  and  demonstrated,  that  the 
earth  of  alum  constitutes  a  part  of  clay.^  In  1754,  MargrafF 
showed  tliat  the  basis  of  Jilum  is  an  earth  of  a  peculiar  nature, 
different  from  every  other ;  an  earth  which  is  an  e^vsential 
ingredient  in  clays,  and  gives  them  their  peculiar  properties.f 
Hence  tlils  earth  was  called  argil ;  but  Morveau  afterwards 
gave  it  the  name  of  €ihnmna^  because  it  is  obtained  in  the  state 
of  greatest  purity  from  alum*  The  properties  of  alumina  were 
still  farther  examined  by  Macqucr  in  1758  and  176*2,|  by 
Bergman  in  1767  and  1771,§  and  by  Sclieele  in  1776  ;[|  not  to 
mention  several  other  chemists  who  have  contributed  to  the 
complete  investigation  of  tins  substance.  A  very  ingenious 
treatise  on  it  was  published  by  Saiissure,  junior,  in  iHUl.K 

Alumina  may  be  obtained  by  the  following  process;  Dis- 
solve alum  in  water,  and  add  to  the  solution  an  excess  of  car- 
bonate of  soda,  and  digest  the  mixture  for  some  time  to  deprive 
the  precipitated  alumina  of  all  the  sulphuric  acid  with  which 
it  was  united.  Wash  the  precipitate  with  a  sufficient  quantity 
of  water,  dissolve  it  in  muriatic  acid,  and  precipitate  the  alumina 
from  this  solution  by  carbonate  of  ammonia.  Digest  the  pre- 
cipitate for  some  time  in  carbonate  of  ammonia.  Then  wasli  it 
and  dry  it.  Pmre  alumina  is  easily  obtained  from  ammoniacal 
alum^  simply  by  exposing  it  to  a  strong  red  heat. 

Alumina  thus  obtained  fussumes  two  very  different  appearances 
according  to  the  way  in  which  the  precipitation  has  been  con- 
ducted. If  the  earthy  salt  be  dissolved  in  as  little  water  us 
pos.sible,  the  alumina  has  tlie  appearance  of  a  white  earth,  light, 
firiafale,  very  spongy,  and  a ttachingitiie If  strongly  to  the  tongue. 
In  this  state  Saussure  distinguishes  it  by  the  name  of  apongn 
aiumma. 

But  if  the  salt  has  been  dissolved  in  a  great  quantity  of  water, 
the  alumina  is  oljtained  in  a  brittle  transparent  yellow-coloured 
maas,  spltttbig  in  pieces  like  roll  sulphur  when  held  in  the 

•  Mem.  Par.  1728,  p.  303, 

i*  Mcrn.  Berlin,  1754  and  1750,  Margralf,  It*  K     \  Mem.  Paris* 

{  Befgman,  i.  287,  and  v.  71. 

I  Scheele,  i.  191,  French  Trmnal.  1  Jour,  dc  PhvR.  lii.  289. 
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Chap.  III.  haiid.  Its  fracture  is  smooth  and  conelioidal ;  it  does  not 
adliere  to  tlie  tongue,  and  has  not  the  conunon  appearance  of 
an  earthy  body.  In  this  state  Saussure  gives  it  the  name  of 
gelatinous  alumina,* 

Davy  was  naturally  led  by  his  previous  discoveries  to  con- 
sider alumina  as  a  metallic  oxide.  His  experiments  leave  little 
doubt  on  the  subject,  though  he  did  not  succeed  iu  obtaininf^ 
the  metal  in  a  separate  state.  Wheu  potassium  is  passed 
through  alumina  heated  to  whiteness,  a  considerable  propor- 
tion of  it  is  converted  into  potash,  and  gray  metallic  particles 
are  perceived  in  the  mass,  which  eflfervesce  in  water  and  are 
converted  into  alumina.  When  a  globule  of  iron  is  fiised  bjr 
galvanism  in  contact  witli  moist  alumina,  it  forms  an  alloy  Yitfc 
aluminum.  It  effervesces  slowly  in  water,  being  covered  viA 
a  white  powder.f  To  tliis  metallic  basis  Davy  gave  the  name 
of  aluminum. 

But  it  is  to  Wohler  that  we  are  indebted  for  a  method  of 
obtiiining  aluminum  in  a  state  of  purity,  and  for  determiDinc 
its  properties.}: 
S!u!l!Sf '  Professor  CErsted  first  discovered  that  when  dry  alumim  p 

aiuiniuum.  intimately  mixed  with  charcoal  powder,  and  a  current  of  dry 
chlorine  gas  is  parsed  through  the  mixture  while  heated  to 
redness  in  a  porcelain  tube,  an  anhydrous  chloride  of  aluminum 
is  formed.§  To  form  this  chloride  the  best  process  is  to  mix 
intimately  hydrate  of  alumina  well  washed  and  dried  witk  i 
quantity  of  charcoal  powder,  sugar,  and  oil,  to  make  the  whole 
up  into  a  ball,  and  to  heat  it  in  a  covered  crucible  till  it* 
sugiir  and  oil  are  decomposed.  The  black  matter  thus  obtained 
is  put  into  a  porcelain  tube,  and  a  current  of  dry  chlorine  gas 
passed  over  it  while  heated  to  redness.  The  chloride  of  alu- 
minum sublimes  and  gradually  obstructs  the  ferther  extremiry 
of  the  porcelahi  tube.  It  is  a  solid  crystalline  body  having » 
pale  greenish  yellow  colour,  semitransparent,  and  in  plates. 
In  the  air  it  smokes  feebly  and  soon  deliquesces.  When  throTi 
into  water  it  dissolves  with  the  evolution  of  great  heat.  If  i 
volatilized  at  a  temperature  not  much  higher  tlian  tliatof  boilb^ 
water,  and  it  fuses  at  a  heat  not  very  different  from  that  < 
which  it  is  volatilized.  It  was  by  decomposing  this  chlorii 
that  Wohler  obtained  pure  aluminum.  His  method  was  tf 
follows : 

*  Jour,  de  Phys.  lii.  290.     f  Elements  of  Chemical  Philosopby,  p.  35^ 
\  PojrgendorTs  Annalen.  xi.  146. 
5  Schwcigger's  Jahrbuch,  xt.  368- 
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Some  pieces  of  potassium,  well  freed  from  naphtha,  are  put    ^^.('," 

into  the  bottom  of  a  poreehAin  or  platinum  cruciblej  over  wliicli 

nearly  an  etpial  volume  of  chloride  of  aluminum  is  put.  The 
lid  tjf  the  cTut'ible  should  be  tied  down  with  an  iron  wire- 
The  cruciljle  is  now  heated  by  a  spirit  lamp,  at  6r?t  gently, 
and  then  more  briskly.  The  greatest  quantity  of  pnta^ium 
em|doyed  was  a  pieee  about  the  size  of  a  pea.  At  the  itL<;tant 
of  dt'conijmsition  a  very  violent  heat  is  evolved,  whicli  rakes 
the  crucible  instantly  to  redness,  Th#  matter  in  the  crucible 
is  fused  and  of  a  graykh-black  colour,  W^hen  quite  cold  it  is 
plun<i[eil  into  a  large  vessel  filled  with  water  to  remtive  the 
potash^  and  weaken  its  action  so  as  to  prevent  it  from  acting 
on  the  aluminum.  During  the  solution  a  little  fetid  hydrogen 
gas  is  exlialed,  and  there  remains  imtlissolved  a  gniy  powder, 
which  viewed  by  a  microscope  in  the  ftun,  pppears  to  consist  of 
small  metallic  plates.  The  water  is  drawn  off,  and  new  water 
being  a<hled,  the  aluminum  is  collected  on  a  filter,  washed,  and 
dried. 

Aluminum  in  this  state  has  a  great  resemblance  to  platinum,  rropotict, 
WMien  burnished  it  lissumes  the  metallic  lustre  and  the  sjdendour 
of  tin.  When  rubbed  in  a  mortar  tlie  scales  admit  of  c^impres- 
sion,  and  tlien  constitute  larger  scales  so  that  in  all  probability 
it  is  a  malleable  metal.  It  is  not  fusible  at  the  temperature  at 
which  cast-iron  melts.  When  exposed  to  a  strong  heat  sur- 
rounded uitli  charci>al  powder  it  undergoes  no  alteration.  In 
powder  it  is  a  non-conductor  of  electricity ;  but  iron  is  also  a 
non-conductor  when  in  powder,  as  when  reduced  from  oxalate 
of  iron  by  heat.  When  heated  to  redness  it  takes  fire,  burns 
with  extreme  «iplendour,  and  is  converted  into  alumina,  which 
by  tlie  vinleuce  of  the  heat,  if  the  combuiition  Ite  in  oxygen,  is 
fused  into  a  button  hard  enough  to  cut  glass,  almost  jus  hard  as 
sapphire. 

It  is  not  iixidized  in  water  at  the  common  temperature  <»f 
the  air,  and  water  may  be  evaporated  off  aluminum  Mitbout 
altering  it ;  but  when  that  liquid  is  raised  to  the  boiling  tem- 
perature the  ahnninum  begins  to  decompose  it,  and  hydrogen 
gas  is  given  out  slowly-  But  this  process  is  very  slow  and 
imperfect.  At  the  ordinary  temperature  aluminum  is  not 
attacked  by  concentratetl  sulphuric  acid  nor  by  nitric  acid. 
But  when  heated  it  dissolves  rapidly  in  (he  former  of  these 
jtBcids,  sulphurous  acid  being  evolved.     It  dissolves  in  dilute 


sulpl 


luric  aeul,   an 


HI 


muriatic  acid  with   the  evolution   of 


hydrogen  gas.     It  dissolves  with  the  evolution  of  hydrogen  gas 
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chaiKiii.  haiid.  Its  fracture  is  smooth  and  conelioidal ;  it  does  not 
adhere  to  the  tongue,  and  has  not  the  common  appefeovnce  of 
an  earthy  body.  In  this  state  Saussure  gives  it  the  name  of 
gelatinous  alumina.^ 

Davy  was  naturally  led  by  hb  previous  discoveries  to  con- 
sider alumina  as  a  metallic  oxide.  His  experiments  leave  litde 
doubt  on  the  subject,  though  he  did  not  succeed  in  obtunin^ 
the  metal  in  a  separate  state.  When  potassium  is  passed 
through  alumina  heated  to  whiteness,  a  considerable  propor- 
tion of  it  is  converted  into  potash,  and  gray  metallic  partkki 
are  perceived  in  the  mass,  which  effervesce  in  -water  and  are 
converted  into  alumina.  When  a  globule  of  iron  is  fiised  bf 
galvanism  in  contact  with  moist  alumina,  it  forms  an  alloy  vitk 
aluminum.  It  effervesces  slowly  in  water,  being  covered  vitk 
a  white  powder.f  To  this  metallic  basis  Davy  gave  the  naae 
of  aluminum. 

But  it  is  to  Wohler  tliat  we  are  indebted  for  a  method  of 
obtaining  aluminum  in  a  state  of  purity,  and  for  determioin; 
its  properties.}: 
^*I!m^'  Professor  CErsted  first  discovered  that  when  dry  alumina  i$ 

aluminum,  intimately  mixed  vnih  charcoal  powder,  and  a  current  of  dry 
clilorine  gas  is  passed  through  the  mixture  while  heated  to 
redness  in  a  porcelain  tube,  an  anhydrous  chloride  of  aluminnB 
is  formed.§  To  form  this  chloride  the  best  process  is  to  ma 
intimately  hydrate  of  alumina  well  washed  and  dried  wiA  t 
quantity  of  charcoal  powder,  sugar,  and  oil,  to  make  the  whok 
up  into  a  ball,  and  to  heat  it  in  a  covered  crucible  till  tie 
sugar  and  oil  arc  decomposed.  The  black  matter  thus  obtain^ 
is  put  into  a  porcelain  tube,  and  a  current  of  dry  chlorine  g» 
passed  over  it  while  heated  to  redness.  The  chloride  of  alu- 
minum subUnies  and  gradually  obstructs  the  ferther  extremity 
of  the  porcelain  tube.  It  is  a  solid  crystalline  body  having  > 
pale  greenish  yellow  colour,  semitransparent,  and  in  plated 
In  the  air  it  smokes  feebly  and  soon  deliquesces.  When  dtfoiu 
into  water  it  dissolves  with  the  evolution  of  great  heat.  It  s 
volatilized  at  a  temperature  not  much  higher  than  that  of  boilitf 
water,  and  it  fuses  at  a  heat  not  very  diflFerent  from  that  It 
which  it  is  volatilized.  It  was  by  decomposing  this  cUotkI? 
that  Wohler  obtained  pure  aluminum.  His  method  was  ^ 
follows : 

♦  Jour,  de  Pliys.  Hi.  290.     f  FJeracnts  of  Chemical  Philosc^by,  p.  ^  I 
\  Poggendorf*8  Annalen.  xi.  H6. 
5  Schwcigger*s  Jahrbuch,  xv.  368, 
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Some  pieces  of  potassium,  well  freed  from  nriplitha,  are  put    ^J^'',"* 

into  llie  l>ottom  of  a  porcelain  or  platirmm  crueihie,  over  wliicli 1_ 

nearly  an  inpnil  volume  of  chloride  of  ahjiiiinum  i;^  put*     The 

lid   of   the  crucible  should  be  tied  down  with  ati  iron  wire-  J 

The  crucible  is  now  heated  by  a  spirit  lamp,  at  fir^t  gently>  fl 

and  then  more  briskly.      The  greatest  tpiautity  of  potassium  ■ 

employed  was  a  piece  about  tlie  size  of  a  pen*      At  the  instant  ■ 

of  4ecompt>sition  a  very  violent  heat  h  evolved,  wbicli  raises  M 

the  crucible  instantly  to  redness.     Th§  matter  in  the  crucible  I 

is  fused  jind  of  a  ^niyish -black  colour.     When  quite  cold  it  is  m 

plunpf^ed  into  a  large  vessel  filled  with  water  to  remove  the  I 

pota^li,  and  weaken  its  action  so  as  to  prevent  it  from  acting  ■ 

on  the  tdnminnm.     During  the  solution  a  little  fetid  hydroo^en  ■ 

p^s  is  exhaled,  and  there  remains  uudissolveil  a  gray  powder,  ■ 

which  viewed  by  a  microscope  in  the  sun,  appears  to  consist  of  ■ 

small  metallic  plates.     The  water  is  drawn  off,  and  new  water  ■ 

heing  added,  the  aluminum  is  collected  on  a  filter,  washed,  and  I 

dried.  I 

Aluuiiiium  in  this  state  has  a  great  resemblance  to  platinum,  rropoimfl 

When  buniishcd  it  assume8  the  metallic  lustre  and  the  splendour  M 
of  tin,  Wht*n  rubl>ed  in  a  mortar  tlie  scales  admit  of  comprea-  ^^H 
sion,  and  then  constitute  larger  scales,  so  that  in  all  probability      ^^H 

it  is  a  malleable  metal.      It  is  not  fusible  at  the  temperature  at  ■ 

which  cast-iron  melts,     \Mien  exposed  to  a  strong  heat  sur-  I 

roniuled  with  charcoal  powder  it  undergoes  no  alteration.     In  M 

powder  it  is  a  non-conductor  of  electricity  ;  but  iron  is  also  a  W 

non-conductor  when  in  powder,  as  when  reduced  from  oxalate  ■ 

of  iron  by  heat.     When  heated  to  redness  it  takes  fire,  burns  I 

with  extreme  splendour,  and  is  converted  into  alumina,  which  I 

by  the  violence  of  the  heat,  if  the  combustion  be  in  oxygen,  is  ■ 

fused  into  a  button  hard  enougli  to  cut  glass,  almost  as  hard  as  I 

sapphire.  I 

It  is  not  ovidi/cd  in  water  at  the  common  temperature  of  ■ 

the  air,  and  water  may  be  evaporated  off  aluminum  without  M 

altering  it  j  but  when  that  liquid  is  raised  to  the  boiling  tern-  fl 

peniture  the  aluminum  begins  to  decompose  it,  and  hydrogen  I 

gas  is  given  out  slowly.     But  ibis  jjrocess  is  very  slow  and  ■ 

imperfect.     At    the    ordinary  temperature   aluminum  is  not  fl 

attacked  by  concentrated  sulphuric  acid  nor  by   nitric  acid.  V 

Hut  when  heatt-d  it  dissolves  rapidly  in  fhe  former  of  these  I 

ucidsj  sulpfHirnus  acid  being  evolved.     It  dissolves  in  dilute  B 

sulidiuric  acid,  and  in  muriatic  acid  with  the  evolution  of  I 
hydrogen  gas.     It  dissolves  witli  the  evolution  of  hydrogen  gas      ^^B 
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Some  pieces  of  potassium,  well  freed  from  naphtha,  are  put  ^'^'^f^y^^ 
into  the  bottom  of  a  porcelain  or  platinum  eniciblej  overwliich  _^=  -^— 
nearly  iiu  equal  volume  of  ehloride  of  aluminum  is  put*  Tlie 
lid  of  the  crucible  should  be  tied  down  with  an  iron  wire. 
The  crucible  is  now  heated  by  a  spirit  lamp,  at  fir^t  gently, 
and  then  more  brisjkly.  The  greatest  quantity  of  potassium 
employed  was  a  piece  about  tlie  size  of  a  pea.  At  the  instant 
of  decomposition  a  very  violent  heat  is  evolved,  which  raises 
the  crucible  instantly  to  redness,  Th#  matter  in  the  crucible 
is  fu^icd  and  of  a  g-myish-black  colour.  When  quite  cold  it  is 
plunged  into  a  large  vessel  filled  n^th  water  to  remove  the 
potas!i,  and  weaken  its  action  so  as  to  prevent  it  from  acting 
on  the  aluminum*  During  the  solution  a  little  fetid  hydrogen 
gas  is  exhaled,  and  there  remains  undissolved  a  gray  powder, 
which  viewed  by  a  microscope  in  the  sun,  appears  to  consist  of 
small  nietallie  phites.  The  m  ater  is  drawn  off,  and  new  water 
being  addetl,  the  aluminum  is  collected  on  a  filter,  washed,  and 
dried. 

Aluminum  in  this  state  has  a  great  resemblance  to  platinum. 
Wlien  burnished  it  assumes  the  metallic  lustre  and  the  splendour 
of  tin.  When  rubbed  in  a  mortar  the  scales  admit  of  compres- 
sion, and  tijen  constitute  larger  scales,  so  tliat  in  all  probability 
it  Is  a  malleable  metal.  It  Ls  not  fusible  at  the  temperature  at 
Mdiieh  east-iron  melts.  When  exposed  to  a  strong  heat  sur- 
rounded with  charcoal  powder  it  undergoes  no  alteration.  In 
poM'der  it  is  a  mm -conductor  of  electricity  ;  but  iroti  is  also  a 
non-conductor  when  in  powder,  as  when  reduced  from  oxalate 
of  iron  by  heat.  When  heated  to  redness  it  takes  fire,  burns 
'^'ith  extreme  splendour,  and  is  converted  into  ahimina,  which 
by  the  violence  of  the  heat,  if  the  combustion  be  in  oxygen,  is 
fused  into  a  button  hard  enough  to  cut  glass,  almost  as  hard  as 
sapphire. 

It  h  not  oxidized  in  water  at  the  common  temperature  of 
the  air,  and  water  may  be  evaporated  off  aluminum  without 
altering  it ;  but  when  that  liquid  is  raised  to  the  boiling  tem- 
perature the  aluminuju  begins  to  decumpose  it,  aiul  hydrogen 
gas  18  given  out  slowly.  But  this  process  is  very  slow  and 
imperfect.  At  the  ordinary  temperature  aluminum  is  not 
attacked  by  concentrated  suljdiuric  acid  nor  by  nitric  acuL 
But  when  heated  it  dissolves  rapfdiy  in  the  former  of  these 
acids,  sulphurous  acid  being  evolved.  It  dissolves  in  dilute 
sulphuric  acid,  and  in  muriatic  acid  witli  the  evolution  of 
hydrogen  gas.     It  dissolves  \idth  the  evolution  of  hydrogen  gas 
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SIMPLE  AJLKALIFIABLE  BASES. 


Oxide: 


Alumina. 


chsp.  iiL  10  very  dilute  solutions  of  potash,  and  even  of  anunonia,  and 
the  quantity  of  alumina  which  that  alkali  can  dissolve  in  tUi 
way  is  very  great.  When  heated  in  chlorine  gas  it  takes  fire 
and  is  converted  into  diloride  of  aluminum.*^ 

II.  So  far  as  is  known  at  present,  aluminum  unites  iriA 
only  one  proportion  of  oxygen,  and  forms  the  base  usaaUy  dii- 
tiuguislied  by  tlie  name  of  alumina. 

Alumina  is  a  fine  white-coloured  powder  destitute  of  tKte 
and  smell,  but  adherin|f  strongly  to  the  tongue.  It  is  insolubk 
in  water  and  alcohol ;  but  dissolves  readily  in  caustic  aDcaliei^ 
and  in  a  small  degree  it  is  soluble  in  ammonia,  and  even  cu- 
bouate  of  ammonia.  It  dissolves  slowly  in  sulphuric  acid  wbct 
assisted  by  heat,  forming  a  colourless  solution.  When  svljhtk 
of  potash  is  mixed  with  this  solution,  octahedral  crystek  d 
alum  gradually  form  in  it.  It  dissolves  also  in  muriatic  wai 
when  digested  in  it  for  some  time,  even  after  having  beei 
ignited. 

Alumina,  when  exposed  to  a  very  violent  heat,  produced  by 
directing  a  stream  of  oxygen  gas  upon  burning  charcoal,  luder- 
goes  a  commencement  of  fusion,  and  is  converted  into  a  wUte 
enamel,  semitransparent,  and  excessively  hard.f  If  we  pitf 
any  confidence  in  the  calculation  of  Saussure,  the  tempoatoc 
necessary  for  producing  this  effect  is  as  high  as  1575^  Wedg^ 
wood.J     The  specific  gravity  of  anhydrous  alumina  is  4-9001 

I  have  shown  by  experiments,  which  I  consider  as  dedsivC) 
that  the  atomic  weight  of  alumina  is  2*25.  ||  It  is  obvious  fiis 
many  circumstances  that  it  is  a  compound  of 


Atomic 
weight 


Hydratei. 


1  atom  aluminum 
1  atom  oxygen 


1-25 

1 

2-25 


So  th^t  the  atomic  weight  of  aluminum  is  1*25. 

Though  alumina  be  insoluble  in  water,  yet  its  aflBnity  fa 
that  liquid  is  very  considerable.  When  dry  alumina  is  expo*^ 
to  a  moist  atmosphere,  it  speedily  increases  in  weight  (by 
absorbing  water)  13  per  cent  There  is  a  wliite  stalactiticai 
looking  mineral  called  Gibsite,  found  in  North  America,  whii 
is  a  hydrate  of  alumina  composed  of 

*  Wohler,  PoggendorPs  Annalen.  xi.  155. 

f  Morveau,  Jour,  de  I'Ecole  Poly  technique,  I.  iii.  299. 

i  Jour,  de  Phys.  1794.         §  Annals  of  Philosophy  (2d  series),  S.  3^ 

il  Ibid.  161;  First  Principles,  i.  287. 
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1  utora  alumina         .         .         2*25                            '"'^^l^ 
1  atom  water  .         .  1*1*25  


WluMi  aUimiim  precipitated  from  its  solution  iii  potash  by 
neutralization  and  ammonia  and  well  washed,  is  allowed  to 
dry  in  the  open  air  iii  a  temperature  of  about  60%  it  is  converted 
iii  to  a  dry  masi*  composed  very  nearly  of 

1  atom  alumina  .         .         2*25 

2  atoim  water  .         .         2*25 

4*5 

When  thiii  bihydrate  In  dried  in  a  temperature  of  100<>  it  is 
converted  into  a  simple  hydrate*  Eiliydrate  of  alumina  occurs 
al»o  native,  and  so  does  a  mineral  cidled  diaspore  which  is  a 
dihydrate  of  atmniniu  or  a  comjwund  of 

'2  atoms  almnina         .         -         4-5 
1  atom  water  .         .  1*125 


5-625  _ 

Alumina  is  one  of  the  weakest  of  all  the  base«.  It  even  ^^«*gy^ 
seems  to  perfonn  the  function>i  of  an  acid  in  certain  combina- 
tions which  occur  in  the  mineral  kingdom.  Thus  Kpineil  is  a 
compound  tjf  1  atom  magnesia  and  6  atoms  alumina.  The 
magnesia  is  obviously  the  base  and  the  alumina  is  the  acid* 
The  affinity  between  alumbia  and  magnesia  is  great  Hence 
in  chemical  analyses  we  sometimes  get  a  compound  of  the  two. 
It  ia  easily  dLstinguished  from  pure  alumina  by  the  property 
which  it  has  of  becoming  hot  when  moistened  with  water.* 

*  Unvenlorben  haa  shown  that  it  ibnns  definite  compounds  with  sereral 
of  the  bases.  He  ciisj^alved  it  to  saturation  ia  caustic  potash,  and  then 
aeparated  the  compound  by  means  of  aJcohol  in  which  it  h  insolubleu  He 
showed  that  it  was  a  compound  of 

Potaiih  .         .         47"  87  or  6 

Alumina  ,         ,         52*13  or  6'53 

100*00 
This  is  very  nearly  3  atoms  almnina  and  1  atom  potash.      It  is  therefore  a 
teraluminate  of  potash.    Wlien  muriate  of  barytes  is  added  to  this  solution, 
aluminate  of  barytes  falls  composed  of 

Borytea  .         .         5£^83  or  9*6 

Alumina  .        .         40*17  or  6*38 

lOO'OO 


456 


SIMPLE  ALKALIFIABLE  BASES. 


CbainlIL 


Phoqihuret. 


Sulphuret 


Selenict. 


Aneniet 


III.  Tlie  anhydrous  chloride  of  aluminum  has  been  already 
described  in  the  former  part  of  this  section.  Nothing  has  been 
ascertained  respecting  the  bromide  and  iodide  of  alnminuiiL 

IV.  The  combinations  which  aluminum  may  be  capable  of 
forming  with  hydrogen,  azote,  carbon,  boron,  and  silicon,  are 
unknown. 

V.  When  aluminum  is  heated  to  redness,  when  sarroaiided 
by  an  atmosphere  of  phosphorus,  it  takes  fire  and  bums  wick 
considerable  brilliancy^  The  phosphuret  is  a  powder  of  i 
grayish-black  colour,  and  which,  when  burnished,  acquires  die 
metallic  lustre  and  gives  out  the  smell  of  phosphuretted  hydro- 
gen. When  put  into  water  phosphuretted  hydrogen  is  j^vei 
out,  which  does  not  take  fire  in  contact  with  air."^ 

VI.  Sulphur  may  be  distilled  with  aluminum  without  m 
combination  taking  place.  But  if  the  vapour  of  sulphur  be 
made  to  pass  over  aluminum  at  a  strong  red  heat,  the  combiia- 
tion  takes  place  with  a  very  vivid  combustion.  Sulphuret  of 
aluminum  is  black,  semi- metallic,  and  acquiring  lustre  whei 
burnished.  When  left  in  the  air  it  emits  a  strong  smell  of 
sulphuretted  hydrogen,  and  falls  at  last  into  a  grayish-vhite 
powder.  When  put  upon  the  tongue  it  gives  a  sharp  and  kt 
taste,  with  the  flavour  of  sulphuretted  hydrogen.  When  thrown 
into  water  it  gives  out  sulphuretted  hydrogen  rapidly,  ui 
alumina  precipitates.  When  sulphate  of  alumina  is  heated  to 
redness,  and  a  current  of  hydrogen  gas  passed  over  it,  the  add 
flies  ofi*  and  leaves  the  alumina  unaltered.-f 

VII.  When  aluminum  is  mixed  with  selenium  and  heated 
to  redness,  a  combination  takes  place  with  the  evolution  of  beat 
The  seleniet  is  a  black  powder,  which,  when  burnished,  assumes 
somewhat  of  a  metallic  lustre.  When  thrown  into  irater  sele- 
nietted  hydrogen  is  given  out  with  rapidity,  and  the  watff 
assumes  a  red  colour  from  the  selenium  disengaged.! 

VIII.  When  arsenic  and  aluminum  are  mixed  and  heated 

It  is  therefore  very  nearly  a  teraluminate  of  barytcs.      By  muriate  of  InK 
the  aluminate  of  lime  may  be  obtained  composed  of 

Lime  .         .         35  66  or  3'5 

Alumina       .         .        64*34  or  6*31 


10000 
This  also  is  nearly  a  teraluminate  of  lime.    We  see  from  this  that  alumii* 
enters  into  definite  compounds  as  an  acid.     See  Poggendorf 's  AdioIa 
vii.  323. 

•  Wohler;  Poggendorfs  Annalen,  xi.  160.       f  Ibid.  159,        |  Ibid.  160- 
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to  redness  they  unite  with  a  feeble  evolution  of  heat.     The    !''««>% il^B 

arseniet  is  a  black  powder,  which  assumes  the  metallic  liLstre 

when  biirjiished,  ami  emirs  the  smell  of  arseiiiettecl  hy<lrog-eu. 

When   throw^n  into  water  it  appears  at  tirst  to  undergo  no 

change ;  but  at  last  beg-ins  to  ^ve  out  arsenietted  hydrogen. 

And  when  heat  is  applietl  the  evolution  of  this  gas  becomes 

rapid.* 

IX.  When  a  mixture  of  tellurium  in  powder  and  aluminum  Tciiurct. 
wwi  heated  to  redness,  a  violent  incandescence  took  place,  and 
the  whole  matter  was  driven  out  of  the  tube  with  an  explosion. 
This  explosion  is  avoided  by  employing  tellurium  in  majsses. 
Telhiret  of  allurainum  is  a  black,  brittle  mass,  having  tlie 
metiillic  lustre.  When  exposed  to  the  air  it  giv^s  out  an 
unsupportable  odour  of  telluretted  hydrogen;  and  when  thrown 
into  water,  gas  is  given  out  with  rapidity.  The  M^iter  becomes 
reil,  then  Ijrown,  and  at  last  opatpie,  in  consequence  of  the 
tellurium  which  separates.  This  fclluret  is  decomposed  more 
rapidly  in  water  than  sulphuret  of  aluminum  itvself  f 

X.  Wcihler  di*!  not  succeed  in  combining  antimony  and 
aluminum  by  lieatiug  the  two  metals  together.  The  other 
alloys  of  aluminum  are  still  ujiknow^n, 

SECTION  11.^— OF  GLUCINUM* 

The  ben/l  is  a  transjiarent  stone,  of  a  green  colour,  and  a  itmotj. 
considerable  degree  of  liardiu^ss,  which  is  found  crystalli/,ed  in 
the  mountains  uf  8il>eria,  and  in  many  other  jjarts.  Vau- 
quelin  analyzed  this  minend  in  1798,  at  the  request  of  Haiiy, 
to  determine  whetlier  it  was  formed  of  the  same  ingredients 
with  the  emerakh  as  Ilaiiy  had  conjectured  from  mineralogical 
considerations.  The  result  uf  tf*e  analysi*^  was  a  confirmation 
of  the  suspicions  of  Haiiy,  and  the  discovery  of  a  new  earth, 
to  which  Vauquelin  ami  his  associates  gave  the  name  u^giueina.X 
The  experiments  of  ^'auquelin  were  repeated  by  Klaproth§ 
and  other  eminent  chemists. 

To  obtain  glucina  pure,  the  Ijcryl  or  the  emerald,  reducetl 
to  powder,  is  to  be  fused  with  thrice  its  weight  of  potash. 
The  ma^ss  is  to  be  diluted  with  w^ater,  dissolved  in  muriatic 
ici<l,  and  the  solution  evaporated  to  dryness.  The  resithmm 
^  to  be  mixed  with  a  great  quantity  of  water,  and  the  whole 
thrown  on  a  filt^er.  The  silica,  which  constitutes  more  tlaiii 
half  the  weight  of  the  stone,  remains  behind  ;  Init  the  glucina 

♦  Wohlcr;  Poggentlorf's  AnniUen,  p.  160,         f  Ibkl  p.  101, 

X  Ano.  de  Chim.  xxrt.  i:>b.  §  Beitragc,  iiL  *iI5. 
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P 


Prapcsiieii. 


OxSd& 


Gltadii-&, 


cto«p.nL    aad  the  otlier  earths,   beiiig   combined  with    muriadc 
^  remain  in  solution.    Precipitate  tlieui  by  means  of  carbonate 
potiisli.     Wasli  the  j>recipitate,  and  then  dissolve  it  in 
phuric  acid     Add  to  the  solution  sulphate  of  potash ;  evap 
rate  it  to  the  proper  consistency,  and  set  it  by  to  crj'stalli 
Alum  crystals  gradually  form.     When  as   many  of  thes^ , 
possible  have  been  obtiiined,  pour  into  the  liquid  carbomlei 
ammonia  in  excess,  then  filter  and  boil  the   liquid  for 
time.     A  white  powder  gradually  appears,  which  is 
Besides  the  benil  or  emerald  there  are    two   other  mmenb 
which  contain  glucina;  uamely,  euclase^  and  ckrymAcrul,    k 
occurs  abo  in  heir  me, 

Glucina  was  reduced  to  the  metallic  state  by  "W^ohler ;  by* 
procesif  precisely  similar  to  that  emjiloyed  for  obtaining  almii- 
num.*  During  the  reduction  so  great  a  beat  is  evolved  thu"^ 
platinum  crucible  in  which  it  ifi  performed  becotnei^  wliiltbfL 

Gluciiium  thus  obtained  is  a  dark-gray  powder  ;  whidivki 
burnished  acquires  the  metallic  lustre-     It  must  be  verydiM 
cult  of  fusion.     It  does  not  absorb  oxygen  at   tlie  ordiittf  T 
temperature  of  the  air,  and  it  may  be  kept  under  water  em 
at  a  boiling  beat  without  undergoing  any  alteration*     Vihm  i 
heated  to  re(bjesi^  in  air  or  oxygen  gas   it  burns  witi  m^  j 
splendour,  and  h  converted  into  glucina,  w*hich,  however,  i 
withstanding  the  violence  of  the  heat,  has  not  underiroue  faim^  I 
It  dissolves  in  concentrated  sulphuric  acid  with  the 
of  heat,  while  sulphurous  acid  is  evolved.      It  dissolves  mOf  I 
in  dilute  sulphuric  acid,  and  in  muriatic  aeid  with  the  eFolirtiii 
of  hydrogen  gas;  and  in  nitric  acid  with  the  disengagemeiit tf' I 
deutoxide  of  axote*     It  dissolves  also  in  potash  ley   butiMti  I 
ammonia* 

IL  So  far  as  is  known  at  present  it  combines  oxdywillk 
proportion  of  oxygen  and  forms  glucina^ 

Glucina  is  a  soft  light  white  powder,  without  either  V^*  | 
smell ;  which  has  the  propert)''  of  adhering    ^trorurly 
tongue.     It  has  no  action  on  vegetable  colours.     Iti 
gravity  is  '2*9764     It  is  insoluble  in  water,  but  forms 
small  quantity  of  that  liquid  a  paste  which  hits  a  certuiii def^  I 
of  ductility.     It  does  not  combina  with  oxygen  nor  witiasr 
of  the  simple  combustibles ;  but  sulphuretted  hydnnrpn  i^ 
solves  it,  and  forms  with  it  a  hydrosulphurel,  similar  to  «cta 
hydrosulphurets  in  its  propertie84 
•  Ann.  de  Chiiii.  et  de  Phys-  xxxix.  78* 
t  Ekeberg,  Amu  de  Chim.  xliii.  277.  \  Fourcroy,  B.  f59- 
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Gluciim  b  soluble  in  the  liquiii  fixed  alkalies,  in  which  it    fwaUyit 

agrees  witli  alumina.     It  Ls  insoluble  in  luninonia,  but  soluble 

ill  auboHute  of  amiuonia,  in  which  respect  it  agrees  with  yttria; 
but  it  is  about  five  times  more  soluble  in  ciirbonate  of  ammonia 
than  tliat  eartli.  It  combine!^  with  all  the  acids,  and  forms 
witli  them  sweet-tasted  salts,* 

I  have  shown  by  experiments  which  appear  to  me  decisive,  ^^^ 
that  the  atomic  w*eight  of  glucina  is  3"*254    It  is  a  compoujid  of 


1  atom  glueiimin 
1  atom  oxygen 


2*25 
1 


Chloride. 


consequently  the  atomic  weight  of  glucinum  b  !2**25. 

Hydmte  of  glucina  is  obtained  when  we  precipitate  llie  solu- 
tion of  glucina  in  muriiitie  acid  by  ammonia  added  in  excess. 
It  is  a  bulky  white  powder,  similar  t«  liydrate  of  idninina.  No 
attempt  lias  been  made  to  deterniine  the  quantity  of  water 
which  it  contains. 

HI.  Cliloride  of  glucinum  was  first  formed  by  M.  Henry  < 
Rose,  by  piLssing  a  current  of  dry  cldorlne  gas  over  a  mixture 
of  glueina  and  charco^d,  heated  to  redness  in  a  porcelain  or  glass 
tube.  The  cldoride  sublimes  in  the  form  of  fine  white  needles. 
It  is  very  volatile,  and  deliquesces  speedily  when  exposed  to 
the  air.  It  wiis  by  heating  a  mixture  of  thi**  chloride  and 
potassium  ui  a  covered  pUtinum  crucible,  that  Wiihler  obtained 
glucinum  in  the  metallic  state.  Glucinum  when  heated  in 
chlorine  gas  burns  with  much  splendour,  and  is  converted  into 
cldoride. 

IV.  When  glucinum  is  heated  in  the  vapour  of  bromine  it  i 
takes  fire,  and  is  converted  into  bromide  of  glucinum-     This 
bromide  is  in  loug  white  needles.     It  is  very  volatile^  fusible, 
and  dissolves  in  water  with  the  evolution  of  much  lieat^:j: 

V.  Glucinum  burns  equidly  when  heated  in  the  vapour  of  * 
iodine.     The  iodide  obtained  sublimes  in  long  white  needles. 
It  resembles  the  two  preceding  compounds*§ 

VL  Nothing  is  known  respecting  the  compounds  which 
glucinum  may  be  capable  of  forming  with  hydrogen,  azote, 
carbon,  boroiu  *uid  silicon. 

\'II.  Glucinum  burns  when  heated  in  the  vapour  of  phos- P*Mifpbur«c 


,  aromltle. 


Iodide 


•  Hence  ihc  imine  glucina,  from  yXmn*  "t^^i^ 

f  First  lVincipeKi.318. 

\  U  iihlcr ;  Ann»  de  Chim,  et  dc  Phye.  nxxbu  80. 


$  Wohlcr;  ibid. 
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"'•p- '"'   phorus.     The  phosphuret  formed  is  gray,  and  when  put  mto 
water  phospliuretted  hydrogen  gas  is  evolved.* 

Buiphuret.  YIII.  When  glucinum  is  heated  in  the  vapour  of  snljdiiir, 

it  burns  with  almost  as  much  splendour  as  iu  oxygen  gas.  Tke 
sulphuret  is  a  gray  mass  which  has  not  undergone  fusion.  It 
dissolves  in  water  with  difficulty,  and  without  the  evolution  of 
sulphuretted  hydrogen.  When  put  into  acid  liquids  that  g« 
is  given  out  very  rapidly.  Wohler  could  not  succeed  in  hii 
attempts  to  convert  sulphate  of  glucina  into  sulphuret  of  gliH 
cinum,  by  heating  it  in  hydrogen  gas  or  sulphuretted  hydro- 
gen gas.  The  sulphuric  acid  was  driven  off,  and  the  gludm 
remained  pure.f 

seieniet  IX.  Glucinum  wlicn  heated  with  selenium,  combines  readDr 

with  the  evolution  of  much  heat  The  seleniet  fiisesandcoo- 
stitutes  a  gray  mass,  having  a  crystalline  texture.  It  dissoka 
with  difficulty  in  water,  and  the  liquid  becomes  red  from  tkr 
selenium  disengaged.^ 

Ancniet  X.  Wlicu  gluciuum  is  heated  in  contact  w^ith  arsenic,  liglJ 

is  evolved.  The  arseniet  is  a  gray  powder,  which  has  wrf 
undergone  fusion,  and  which,  when  put  into  water,  disengage 
arsenietted  hydrogen  gas.§ 

Tdiuitet.  XL  Tellurium  unites  to  glucinum  without  the  disengtf^ 

ment  of  light.  The  telluret  is  a  gray  powder  having  the  saA 
of  telluretted  hydrogen,  and  disengaging  that  gas  with  rapKii? 
when  put  into  water.  || 

The   remaining   alloys   of   glucinum    have    not  yet  Iw 
examined. 

SECTION  III. — OF  YTTRIUM 

Hirtory  Some  time  before  1788,  Captain  Arhenius  discovered,  in  if 

quarry  of  Ytterby  in  Sweden,  a  peculiar  mineral  different  frpffl 
all  those  described  by  mineralogists.  Its  colour  is  greenist 
black,  and  its  fracture  like  that  of  glass.  It  is  magnetic,  an^ 
generally  too  bard  to  be  scratched  by  a  knife.  It  is  cpsq^- 
except  in  small  pieces,  when  it  transmits  some  yellow  ray^ 
Its  specific  gravity  is  4-237.11  A  description  of  it  vtbs  p^" 
lished  by  Gcyer  in  1788  in  Crell's  Annals,  and  by  Rinmana 
his  Miner's  Lexicon.  Professor  Gadolin  analyzed  thismiutfl' 
in  1794,  and  found  it  to  contain  a  new  eartli;   but  though  is 

•  Wohler;  Ann.  de  Chim.  et  de  Phys.  xxxbc.  81.  f  Ibid.  p.  J* 

t  Ibid.  p.  HI.  §  Ibid.-  II  Ibid. 

1  Gadolin,  CrclPs    Annals,  1796,  i.  313. — Vauquelin,  Aim.  de  Clsi 
xxjLvi.  146. — Klaproth's  Beitrage,  iii.  58. 
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■nalysi^  was  published  m  the  Stoekholtn  Transactions  for  1794,    F»™wy  »i- 

md  in  Crell's  Annals  for  1706,  it  wns  some  time  before  it L 

drew  tlie  attention  of  chemical  mineralogist^*.     The  conclusions 
of  Gadolin  were  confirmed  by  Ekeberg  in  1797,  who  gave  to 

the  new  earth  the  name  of  yftria.^     They  were  still  farlher  J 

confirmed  and  extended  by  Vauquelin  in  I800,f  and  likewise  I 

by  Khiproth  about  the  same  time;:t  4ind  Ekeberg  published  a  ■ 

new  dissertation  on  the  subject  in   the   Sweili^sh  TnnisactiouH  ■ 

for  1h02.$      Since  that  time  it  ha**  been  repeatedly  exumined  ■ 

by  Herzelius,  wdio  has  shown  that  the  yttria,  as  examined   by  ■ 

Ciadolin  and   Ekeberg,  wan  not  pure.      He  hits  himself  sue-  I 

ceeded  in  separating  it  from  most  of  the  cerium  witii  which  it  ■ 

was  contaminated^  and  has  described  its  properties. ||  I 

Hitlierto  yttria  has  been  found  only  in  the  black  mineral  ■ 

first  amdvAed   by   Gadolin,   and   hence   called   Gcnh^iinitt^   m  m 

which  it  is  combined  with  black  oxide  of  iron  and  the  eartli  I 

eddied  silica;  and  in  yttrotautalite,  which  from  the  description  ^ 

of  Ekeberg  is  a  eompuuud  of  columbinm  and  yttrki,  ajitl  a  ii^w  I 

kindred  minerals.      From  the  firsts  which  is  the  most  common,  m 

the  vttria  may  he  procured  by  treating  the  mineral  reduced  to  I 

powder  with  a  mixture  of  nitric  and  muriatic  acids,   till  it  is  ■ 

comjjletely  <iecomposed  ;   then  filterii^g  the  solution,  previously  I 

evaporated  nearly  to  dryness,  and  diluting  it  with  water.     By  I 

tiiis  jirm-eiis  the  silica  is  left  behind.      Tlie  litpnd  which  passes  I 

througli  the  filter  is  to  be  evaporated  to  dr\^ness,  and  the  residue  ■ 

heated  to  redness  for  a  considerable  time  in  a  close  \'essel,  and  A 

then  redisAulvetl  in  water  and  filtered.     What  passes  through  I 

the  filter  is  colourless:  wlien  treated  with  amintmia  a  mixture  ■ 

of  yttria  and  oxide  of  cerium  falls.   Heat  this  powder  to  redness,  ■ 

dissolve  it  in  nitric  acid,  and  evaporate  to  dryness  to  get  rid  of  I 

tlie  excess  of  acid.     Dilute  with  150  parts  of  water,  and  put  I 

into  the  liquid  a  large  excess  of  crystals  of  sulphate  of  potsish.  S 

The  crystals  gradually  dissolve,  and  after  some  \\Q\if%  a  white  | 

precipitate  will  appear.     This  precijiitate  contains  the  oxide  ■ 

of  cerium.    Repeat  tJie  process  to  be  sure  of  getting  rid  of  the  I 

oxide  of  cerium.     Filter  the  liquid,  precipitate  the  yttria  with  ■ 

pure  ammonia  ;  wash  it  w*etl,  and  then  heat  it  to  rednetis.^  I 

•  Crell's  Armals,  1799,  ii.  63.                f  Ann.  de  Chlm.  xxxvi.  143.  I 

%  Ann.  de  Chim.  xxxvii.  36.  »nd  Bertmge,  iii.  52.  I 

%  Kongl.  VcUiii&knps  Acad*  nya  HandJingiir,  1B0?,  p.  68,  and  Jour,  de  ■ 

Cbim.  iii  78*  H 
I  Anniili  of  rhilosophy^  iii.  3^0.     Afhsndlingar  i    Fy^k,  Kemi  och        ^^H 

Mineniiogi,  iv.  217,  235.  ^^| 

f   Bcrxelius,  Afhandlin^r,  iv.  2%%  ^^^ 
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Yttrium  was  first  obtained  in  an  isolated  state  from  tlui 
earth  by  Wohler.*  The  process  followed  was  precisely  die 
same  as  that  by  which  aluminum  and  glocinum  were  obtEdned. 
The  yttrium  was  in  the  state  of  small  scales,  haVing  the  metd- 
lic  lustre  and  the  colour  of  iron.  Its  lustre  is  &i  inferior  to 
that  of  aluminum.  It  is  brittle,  does  not  oxidize  at  the  orfr 
nary  temperature  in  the  air  nor  in  water.  AVhen  heated  to 
redness  it  burns  and  is  converted  into  yttria,  and  if  the  expeii- 
ment  be  made  in  oxygen  gas  the  splendour  of  the  combustioi 
can  scarcely  be  surpassed.  The  yttria  obtained  is  white,  and 
exhibits  evident  marks  of  having  been  fused.  Yttrium  disnlTef 
readily  in  dilute  sulphuric  acid,  with  the  evolution  of  hydroga 
gas.  It  dissolves  with  more  difficulty  in  potash  ley,  and  notat 
ail  in  ammonia.f 

II.  So  far  as  is  known  at  present  yttrium  unites  with  oih 
one  proportion  of  oxygen,  and  forms  yttria,  which  is  a  fine  wUle 
powder,  and  has  neither  taste  nor  smell.  It  has  no  action  ob 
vegetable  blues.  It  is  much  heavier  than  any  of  the  otker 
earths ;  its  specific  gravity,  according  to  Skeberg,  being  v 
less  than  4-842. 

It  is  insoluble  in  water;  yet  it  is  capable  of  retaining i 
great  proportion  of  that  liquid,  as  is  the  case  with  alnmoii 
Klaproth  ascertained,  that  100  parts  of  yttria,  precipitated  fros 
muriatic  acid  by  ammonia,  and  dried  in  a  low  temperature,  Itf? 
31  parts,  or  almost  a  third  of  their  weight,  when  heated  tf 
redness  in  a  crucible.  Now  this  loss  consists  of  pure  vatir 
alone.  It  is  not  soluble  in  pure  alkalies ;  but  it  dissolve* 
readily  in  carbonate  of  ammonia,  and  in  all  the  other  alkaiioP 
carbonates.  It  combines  with  acids,  and  forms  ^th  themalfr 
which  have  a  sweet  taste,  and  at  the  same  time  a  certam  de^ 
of  austerity. 

The  only  person  who  has  made  experiments  to  detenniw 
the  atomic  weight  of  yttria,  is  Berzelius.  He  found  the  t»- 
bonate  of  yttria  a  compound  of 

Carbonic  acid  .         .  2*75 

Yttria  .         .         .  5-3825 

And  the  sulphate  of 

Sulphuric  acid         .         .  5 

Yttria  .         .         .  5-40 12J 


*  Ann.  de  Chim.  ct  de  Phys.  xxxix.  81.  f  Wohler;  ibU. 

\  Annals  of  Philosophy,  iii.  359.     An  analysis  of  crystallized  sulphate^ 
yttria,  made  in  my  laboratory  by  Mr.  Steel,  gave 
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Tho  first  of  tliese  analyses  irives  lis  5*3ft,  and  the  second  5'400  '^"""y  ^^ 
for  the  atomic  weight  of  yttria.  Wohler  has  f^hown  that  the  _^__^ 
yttria  when  obtained  hv  BeraeliiLs's  process  is  not  quite  free 
from  potash,  and  that  it  contains  also  a  trace  of  sulphuric  acid. ^ 
It  is  clt-ar,  therefore,  that  the  true  atomic  weight  of  yttria 
must  he  under  these  numbers.  We  cannot  err  very  much,  if 
we  adopt  5*25  as  the  true  atomic  weiglit  of  this  earth.  It  is 
obvious  that  yttria  is  a  compound  of 

1  atom  yttrium         .         .         4*25 

1  atom  oxygen         •         .  1 


5-25 

.^o  that  the  atomic  weight  of  yttTiuin  h  4*23. 

ni.  Chloride  of  yttrium  is  easily  obtained  by  pa<^inga  cur-  chioridt^ 
rent  of  dry  chlorine  gas  over  a  mixture  of  yttria  and  charcoal^ 
exported  to  a  red  heat  in  a  porcekdn  or  glass  lube.  It  was  first 
formed  by  Wiihler.  It  has  a  ?^trong  rescmhlance  to  chloride  of 
glucinum  ;  being  in  white  brilliant  needles,  which  easily  melt 
into  a  crystalline  mass.  It  is  volatile^  dissolves  in  water  with  the 
evolution  of  much  heat^  and  speedily  deliquesces  in  the  air.f 

IV*  Tlie  bromide  and  iodide  of  yttrium  have  not  yet  been 
formed.      Doubtless  they  will  resemble  those  of  glucinum. 

V\  Nothing  is  kno^m  respecting  the  compounds  which 
yttrium  may  be  capable  of  forming  with  hydrogen,  azote,  car- 
Ixm,  boron,  or  silicon, 

\  L  When  heated  in  the  vapour  of  phosphorus,  it  combinea 
with  a  lively  combustion.  The  phosphuret  is  a  grajish-black 
powder,  which  gives  out  phosphuretted  hydrogen  gas  when 
put  into  water.J 

VIL  It  takes  fire  also  when  heated  in  the  \iipour  of  sulphur,  auiphuret. 
Tlie  sulphuret  formed  is  a  gray  powder,  which  is  insoluble  in 
water,  and  does  not  undergo  spontaiieoas  decomposition-    But 
when  treated  with  an  acid,  it  dissolves  with  the  evolution  of 
iulphnretted  hydrogen  gas.f 

VI IL   Selenium   unites  with   yttrium  w^hen   the  two  sub- seUinei. 
stances  are  heated  together  till  the  selenium  fuses.      A  feeble 

Sulphuric  add         ,         .        5 
Yttrin  ,         .  5*44 

Watt-T  ,         .         .         3-19 

This  mther  favours  the  notion  that  the  itomic  wetgbt  of  yttria  is  55.  But 
the  experiment  will  require  repetstm.  U  is  excessively  difRcult  to  free 
yltntL  from  all  traces  of  cerium  diiide^i^hich  doubtless  increa<;es  the  weight. 
•  Ann,  de  Chim,  et  de  Phvs.  %xxi%.  H2.  +  Wohler;  ibid.  p.  SL 

\  Ibid.  p.  84.  '  $  Ibid,  p,  8S. 
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c***^  "^-  incandescence  takes  place.  The  seleniet  is  blade  and  does  not 
decompose  water,  but  when  put  into  dilute  acids  it  gives  oat 
seleuietted  hydrogen  gas.* 

IX.  Nothing  is  known  respecting  the  alloys  which  yttriim 
may  be  capable  of  forming  with  the  different  metals. 

SECTION  IV. OF  CERIUM.f 

Hiftory.  In  the  year  1750  there  was  discovered  in  the  copper  mine 

of  Bastnas  at  Ridderhytta,  in  Westmannland  in  Sweden,  i 
mineral  which,  from  its  gpreat  weight,  wbs  for  some  time  con- 
founded with  tungsten.  This  mineral  is  opaque,  of  a  flei 
colour,  with  various  shades  of  intensity,  and  very  rarely  yelbf. 
Its  streak  is  grayish  white,  and  when  pounded  it  becomes  rni- 
dish  gray.  It  is  compact,  with  a  fine  splintery  fracture,  vd 
fragments  of  no  determinate  form;  moderately  hard;  its  spe 
cific  gravity,  according  to  Cronstedt,  4'988>t  according » 
Klaproth  4*660,§  according  to  Messrs.  Hisinger  and  Berxeliis, 
from  4*489  to  4-61 9.  ||  This  mineral  was  •first  examined  bf 
M.  D'EIhuyar,  the  result  of  whose  analysis  was  published  bf 
Bergman  in  1784.f  It  ascertained  that  the  mineral  in  qo» 
tion  contained  no  tungsten. 

No  farther  attention  was  paid  to  this  mineral  till  Kkfni 
published  an  analysis  of  it  in  1 804,  under  the  name  of  OchroUs,** 
and  announced  that  it  contained  a  new  earthy  to  which  he  garr 
the  name  of  ochroifa.  He  sent  a  specimen  of  this  new  product 
to  Vauquelin,  who  made  a  few  experiments  on  it,  but  hcsititei 
whether  to  consider  ochroita  as  an  earth  or  a  metallic  aiide." 
Meanwhile  the  mineral  had  undei^one  a  still  more  compW*f 
examination  in  Sweden  by  Hisinger  and  Berzelius,  who  ga« 
it  the  name  of  cerif;  detected  in  it  a  peculiar  substance,  whici 
they  considered  as  a  metallic  oxide,  and  to  which  theygi^* 
the  name  of  cerium^  from  the  planet  CereSy  lately  discover 
by  Piazzi.Jt  But  the  attempts  of  these  chemists  to  reduce  4f 
supposed  oxide  to  the  metallic  state  were  unsuccessfiiL    X^ 

♦  Wohler;  Ann.  dc  Chim.  et  de  Phys.  p.  84. 

f  I  have  placed  cerium  immediately  after  yttrium,  because  the  propc* 
of  yttria  and  protoxide  of  cerium  are  identical.  1  never  had  an  opportio? 
of  making  any  experiments  on  yttria  till  the  winter  of  1»29,  wbtf  • 
was  lucky  enough  to  procure  a  few  ounces  of  gadolinite  from  which  I O" 
tracted  it.  The  close  resemblance  between  its  properties  and  those  J 
protoxide  of  cerium  struck  me  with  astoniBhinent. 

^  Gehlen's  Jour.  ii.  305.  §  Ibid-  y  ibid,  il  »n 

5  Opusc.  vi.  108.  ♦•  Gehlen's  Jour.  ii.  20a 

ft  Ann.  de  Chim.  1.  140.  \\  Gehlen's  Jour.  ii.  297. 
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were  the  subsequent  trials  of  Crahn,  to  reduce  it  by  violent 
heat  along  witli  chareoat,  or  to  alloy  it  witli  other  metals, 
atteiiilod  with  greater  success.*  Vaiiqueliii  re-examined  it; 
but  Im  uttempt.s  were  only  partially  successful.t  They  dcnion- 
Ntnite,  liowever,  that  the  8ulHtxuiee  in  question  is  a  metal; 
though  from  iut  refractory  nature,  and  it^  volatility^  only  minute 
globules  of  It  were  obtained. 

Ill  1B14  a  new  set  of  experiments  on  it  were  publi<*hed  by 
Laugier.f  He  appears  to  have  reduced  it  to  the  metallic  *>tate» 
but,  instead  of  the  pure  metal,  obtained  only  a  carburet 
Hisingcr  had  previously  endeavoured  to  determine  the  com- 
position of  its  oxides. § 

To  obtain  the  metal,  the  combiiiatiou  of  oxide  of  cerium 
with  tartaric  acid  was  mixed  with  some  lamp-black  ami  oil, 
and  exposed  to  the  violent  heat  of  a  forge  iu  a  crucible  lined 
with  charcoal,  and  enclosed  in  another  filled  with  sand.  Only 
a  small  metallic  button  was  obtained,  not  exceeding  tlie  fiftieth 
part  of  the  oxide  of  cerium  exposed  to  heat.  It  was  white, 
brittle,  dissolved  with  great  difficulty  in  nitro-muriatic  acid, 
and  proved  a  mixture  of  iron  and  cerium.  Another  attempt 
to  obtain  the  metal  by  heating  its  tartrate  in  a  porcelain  retort 
was  not  more  successful.  Most  of  it  was  dissipated,  small 
globules  only  remaining,  wliich  proved  as  before  a  mixture  of 
cerium  and  iroiL|| 

Laugier  has  shown  tlmt  oxalic  acid  precipitates  tl»e  whole 
of  the  oxide  of  cerium,  and  thus  separates  it  from  iron.  He 
employed  the  oxide  from  the  oxalate,  and  exposed  it  to  a  strong 
heat  m,ade  up  into  a  paste  with  oil.  He  affirms  that  it  is  not 
volatile*  But  an  experiment  made  in  Mr,  Children's  labora- 
tory demoustates  the  contrary.  Oxalate  of  cerium,  which  I 
kad  prepared,  was  exposed  to  the  heat  of  a  funiace,  urged  by 
bellows  in  a  crucible  of  charcoal :  it  was  completely  volatilized.^ 

Mosander  has  shown  that  cerium  may  be  obtained  in  the 
Ijnetallic  state,  by  the  same  process  which  succeeds  \iith  alu- 
minum,  glucinum,  and  yttrium.  He  heated  the  chloride  of 
cerium  mixed  wHth  potassium  in  a  pUitinum  crucible.  ITie 
decomposition  was  attended  with  the  evolution  of  much  heat. 
The  gray  mass  obtained  being  washed  in  water,  metallic  cerium 

•  GehleD*8  Jour.  liL  217,  f  Ann,  de  Chim.  iv.  28. 

^        t   Ibid,  lx%x\x.  317. 
^       ^  Memoirs  of  the  Stockholm  Academy  for  IS  1 3,  and  Annals  of  Pbiloso* 
[      phy.  iv.  36a. 
iLj      I  Ann,  de  Chim.  ttv.  5d.  t  Annate  ot  Philosophy,  iu  147. 
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Chap  m.    remains  under  the  form  of  a  gray  powder,  ha\aiig  the  raei 
~    "^       lustre.*     The  other  properties  of  this  metal  have  not  yet 
determined. 

oxkiM.  1*  Cerium  combines  with  two  proportions   of  oxygen^  and 

forms  two  o.rrdes.     The  protoxide  is  white   and  forms  tai^ 
having-  a  light  flesh  colour.     The  peroxide  has  a  reddish  hi 
colour* 

L  Fmox\49.       To  procure  peroxide  of  cerium  in  a   state   of  purit>' 

Swedish  chemists  employed  die  following  method :  iV 
mineral  was  reduced  to  a  fine  powder,  and  digested  in  aitric 
acid  till  every  thhig-  soluhle  was  tal^en  up.  The  solution  being 
decanted  off  h  evaporated  to  dryness,  and  the  residue  dlssoM 
in  water.  Into  this  solution  ammonia  is  poured,  till  ereiy 
tlung  precipitahle  hy  means  of  it  is  throTiTi  do"WTi,  This  pt- 
cipitate  being-  well  washed  is  redissolved  in  nitric  acid :  tlf 
acid  is  neutralized  ;  and  then  tarirale  of  potash  f  is  added  *« 
the  solution.  The  precipitate  wbicli  is  separated  hein^heili' 
to  redness,  and  well  washeil  witli  vinef^r,  and  dried,  is  pvc 
peroxide  of  cerium4  We  may  also  precipitate  the  oxide 
cerium  from  the  nitric  acid  solution,  hy  means  of  o; 
ammonia. 

PropcrtiM.  The  peroxide  thus  obtained  has  a  reddish  brown  colmini" 

tasteless,  and  may  be  exposed  to  a  strong  heat  without  alti^ 
ation  ;  but  when  strouju^ly  healed  in  a  charcoal  crucibk  it  s 
volatilized.  It  dissolves  in  acids,  though  not  very  readily:  if 
solution  has  a  reddish  brow^i  colour.  When  we  digest  it  « 
muriatic  acid,  chlorine  is  diseng^ag-ed,  and  the  sohttion  at  fe* 
bro\^^l  becomes  g-radually  less  and  less  coloured,  tillat  k^rit* 
white,  or  at  least  has  ojdy  a  light  sliade  of  flesh  red.     By  ^' 

1.  prot^jxide.  process  it  is  gradually  converted  into  protoxide.  Xhisprcttoii*'*' 
may  be  precipitated  in  the  state  of  a  white  pow'der  by  an  alb^ 
But  it  is  best  to  throw  it  down  by  carboruite  of  ammoaia.  ^ 
is  then  a  white,  light,  tasteless  powder  in  small  scales.  It  t 
not  altered  by  keeping,  suid  dissolves  readily  in  acids.  TV 
salts  wliich  it  forms  have  a  sweet  taste  like  those  of  ytti 
They  bear  a  close  resemblance  to  the  similar  salts  of  yttrk* 
that  it  is  not  efisy  to  distinguish  the  one  from  the  other.  Vj 
salts  of  cerium  are  apt  to  acquire  a  brown  colour  from  exptf*^ 
to  the  air,  which  is  not  the  case  with  the  salts  of  yttria. 

By  a  careful  analysis  of  protosulphate  of  cerium*  I  fmwi  • 
composed  of 

♦  Ginelin's  llandbuch  der  Theor.  Chemic,  i.  681. 

f  A  Milt  to  be  descrihed  here&der.  f  Galen's  Jouf.  i.  <** 
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Sulphuric  acid  .         •         5 

Protoxide  of  cerium         .         ,         7'25* 
Hisiiiger  anaI}TEed  the  protochloride  of  cerium,  aiid  extracted 
from  a  giveu  weight  of  it 

Chhiriiie  .  .  fr9m  or  4-5 

Protoxide  of  cerium  .  .  lO'Ol  or  6'5f 

By  my  experiments  the  atomic  weight  of  protoxide  of  cerium 
ii*  7 '25,  wliile  by  those  of  Hijsinger  it  is  only  6-5*  I  think  it 
possible  that  in  my  experiment  the  weight  of  the  oxide  may 
have  been  a  little  overrated  in  coTisequence  of  the  whole  sul- 
phuric acid  not  having  been  dis^eagaged.  But  certainly  the 
error  of  Hisinger  must  be  much  farther  on  the  other  side.  Till 
the  point  is  settletl  by  a  new  analysis  of  some  salt  of  cerium 
upon  a  greater  scale  than  it  was  in  my  power  to  make  mine, 
in  consequence  of  the  very  small  quantity  of  oxide  of  cerium  in 
my  possession,  I  am  disposed  to  adhere  to  my  own  determina- 
tion as  certainly  not  far  from  the  truth.J  If  the  protoxide  be 
a  compound  of 

1  atom  cerium         •         .         6-25 
1  atom  oxygen        .         ,         1 


S«ct.lV. 


weight. 


7-25 


then  the  atomic  weight  of  cerium  will  be  6-25.  Ilisinger, 
from  some  rather  imperfect  analyses  of  the  carbonates  of 
cerinm,§  has  concluded  that  the  oxygen  in  the  two  oxides  of 
this  metal  are  t*>  each  other  as  2  to  3.  If  this  supposition  be 
admitted  (and  it  ouglit  to  be  subjected  to  a  new  examination,) 

•  First  Principles,  i.  382.  f  Annala  of  Philosophy,  iv.  355, 

I  Klaproth^s  analysis  of  protocarbonate  of  cerium  comes  mtich  nearer 
my  numbers  than  those  of  Hisrnger*     He  found  the  constituents 
Carbonic  acid         .         ,         23    or  2'75 
Protoxide  .         .         65    or  7'77 

Water  ,         .         1> 


100 
j  He  found  the  {>«rcarbcnate  of  cerium  composed  of 
Carbonic  acid  .         •         36*17 

Peroride  of  cerium         ,         .         63*83 


100-00 


Now  if  we  consider  this  salt  a»  a  sesquicartK>&ate  we  shall  obtain  7*28  for 
the  atomic  weight  of  peroxide.  For  36-17  :  63*83  : :  4  12^  (  I J  atom  car- 
bonic acid)  :  7*2^.  Now  this  considerably  exceeds  what  would  result  from 
rBisinger's  analysis  of  the  chloride  of  cerium.  It  is  obvious  from  this  that 
liaiager^s  results  cannot  be  adopted  till  they  are  confirmed  by  new  and 
more  accumle  experiments* 
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Chap.  iiL     ilien  theatomicweightof  peroxide  of  cerium  will  be  7'75,aiid  1 
""^  "  const! til ti on  and  atomic  weight  of  cerium  and  its  oxides  will 

Cetiuia.  Oxy^ect  Atomic  wdtlvt. 

I  Cerium 6-25 

I  Protoxide  1  atom  +  1    atom       .        .        7*25 

'  Peroxide    1  atom  +  IJ  atom       .        .        7-75 

tMarid«,  IL  There  are  two  chlorides  of  cerium;  but  Ihejr  havcn^t 

hitherto  been  very  carefidly  examined.     The   protochk 
.  obtained  wlieri  the  oxides  of  cerium  are  digested  in 

acid  tilt  the  sobitioii  becomes  colourless.      It  crystallizes ' 
difficulty  in  4-sided  prisms.    It  deliquesces  in  the  air;  h  nrj 
I  soluble  in  water  and  also  in  alcohol,  and  the  alcoholic  soludi>n 

,  burns  with  a  yellow-coloured  flame. 

]  The  percldoride  is  a  reddish  yellow  solution,  wh  ich  geiatinife 

.  by  cauitious  evaporation.     It  doe^i  not  crystal lize,  and  wliffl 

J  heated  is  gradually  converted  iuto  protochioride. 

III.  Nothing  is  kjiown  respecting  the  bromide  and  iodidt <f 

cerium.     Nor  is  any  thing  known  about  the  compounds  wkiA 

it  may  be  capable  of  forming  with  hydrogen  and  azote. 

Cwijiirct  IV,   From  tlie  experiments  of  Ltiugier,  it  appears 

of  combining  with  carbon.    He  obtained  the  carburet  bf 
ing  protoxide  of  cerium,  made  into  a  paste  with  oil,  sur 
with  cliarcoal  in  a  retort.     The  carburet  was  a  blade 
which  took  fire  spontaneously  when  exposed  to  the  air.* 

V.  No  attempts  have  been  made  to  combine  ceriitm 
boron  or  silicon. 

VI.  When  a  stick  of  phosphorus  was  put  into  a  soludooif  I 
cerium  in  muriatic  acid,  and  kept  for  some  daj^  on  a  stoi^.ttf 
bottom  and  sides  of  the  vessel  were  covered  witli  a  white  prr-  j 
cipitatCj  and  the  phosphonis  was  covered  with  a  hard  bri^| 
crust,  which  w^as  tenacious,  and  shone  in  tlie  dark.  Wkli 
heated  it  took  fire,  and  left  a  small  quantity  of  oxide  of  < 
But  this  experiment  did  not  succeed  when  repeatedLf 

Suiphuret.  VII,   For  every  thing  known  respecting   the  sulphurrt^ 

cerium  we  are  indebted  to  Mosauder.  It  may  be  prepared il 
two  diflferent  ways,  L  By  passing  the  \*apour  of  bisii}piMrit| 
of  carbon  over  oxide  of  cerium  heated  to  rednests  in  apofttli^l 
tube.  The  sulphuret  obtained  iti  this  w^y  is  light  and  poi^l 
^ind  similar  to  red  lead  in  colour.  It  is  not  altered  bv  exps**! 
to  the  air,  nor  by  water,  2.  When  oxide  of  cerium  isiDix<*| 
with  aikuiim  hepar  in  great  excess,  and   exposed  to  u  rig| 

*  Ann.  cic  Chim.  Ixxxix.  317. 

t  Hisinger  and  Berzelius,  Ann.  de  Chini.  li^,  4^, 


k 


ZIRCONIUM. 


469 


heat  in  a  covered  crucible  aiid  tlie  hepar  afterwards  washed  out  Tamitf  n. 
with  water,  a  sulphuret  of  cerium  remains  iu  brilliant  scales  , 
like  mosaic  gold  in  appearance.     Both  of  tJiese  preparations 
are  soluble  in  acids  with  the  evolution  of  sulphuretted  hydro- 
gen gas,     Sulphuret  of  cerium,  according  to  Mosander,  is 
composed  of 

Sulphur         .         •         26  or  2 

Cerium  ,         .         74  or  5*7 

lOO* 

If  this  analysis  be  accurate,  and  the  compound  examined  a  pro- 
tosulphuret  it  would  follow  from  it  that  tlie  atomic  weight  of 
cerium  is  5*7.  This  number  approaclies  much  nearer  the 
determination  of  Hisinger  than  mine.  But  we  must  abstain 
from  drawing  conclusions  till  Mosaiider  has  laid  his  analysis 
before  the  public. 

None  of  the  eombinatious  of  cerium  with  selenium  or  the 
metals  have  been  hitherto  subjected  to  examination. 


SECTION  v.— OF  ZIHCONI17M. 

Among  the  precious  stones  which  come  from  the  island  of  i 
Ceylon,  there  is  one  called  jargon,  or  zircon^  which  is  possessed 
of  the  following  properties : 

Its  colour  IS  vnrious;  gray,  greenish-white,  yellowish^  red- 
dish-brown, and  \4olet.  It  is  often  crystahized,  either  in  right- 
angular  quadrangular  prii^ms  surmounted  with  pynunids,  or 
octahedrons  consisting  of  double  qiiadnuigular  pyramids.  It 
has  generally  a  good  deal  of  lustre,  at  least  internally.  It  is 
mostly  semitransparenL  Its  hardness  is  inferior  to  that  of 
Kippbyr ;  but  greater  tlian  that  of  spijiell ;  its  specific  gravity 
firom  4*416  to  4-7.t 

It  loses  scarcely  any  of  its  weight  in  a  melting  heat;  for 
Klaprotb,  who  analyzed  it  in  1789^  found  that  300  grains, 
after  remmning  in  it  for  im  hour  and  a  half,  were  only  jth  of 
A  grain  lighter  than  at  first, j:  Neither  was  it  attacked  either 
by  muriatic  or  sulphuric  acid,  even  when  assisted  by  lieat.  At 
last,  by  adcining  it  witii  a  large  quantity  of  soda,  he  dissolved 
it  in  muriatic  acid,  and  found  tliat  100  parts  of  it  contained 
81-5  of  silica,  0-5  of  a  mixture  of  nickel  and  iron,  and  68  of  a 
new  earth,  possessed  of  pecuiiar  properties,  which  has  received 
the  name  of  ziVconta,  from  the  mineral  iu  which  it  was  detected- 


•  Aon,  de  Chira.  et  dc  Ptiys»  xxxiii.  109. 
t  Jour,  de  Phyi.  xxxwi.  I  NO. 


t  Kirwao's  Mber.  i.  333. 
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c">^.  ^*J-  Owing  probably  to  the  scarcity  of  the  zircon,  nobody  attemp 
to  repeat  tlie  analysis  of  Klaprotli,  or  to  verify^  his  discove 
In  1795  he  published  liis  analysis  of  the  hyadnlh^  anoi 
mineral  from  the  same  islandj  in  which  he  also  detected  a  large 
proportion  of  zireonia,  expressing  hi?^  hopes  tliat  it  would  induoe 
chemists  to  turn  their  attention  to  the  subject.**  This  andysil 
induced  Cniyton  Morveau,  in  1796,  to  examine  the  byacin 
of  Expailly  in  France*  They  proved  similar  to  tLe  hyacini 
of  CeyloJij  and  contained  the  proportion  of  zireonia  indii 
by  Klajtroth.f  These  experiments  were  soon  after  repeated 
and  the  natnre  of  the  new  earth  still  further  examined  by  Vsih 
quelin.f 

zireoBit  Zireonia  lias  hitherto  been   found  only    in   the   zircon  uA 

hyacinth,  and  in  three  other  minends  called  sillimanite,  ettdf- 
I  alitCj  and  polymignite.     It  may  be  obtained  pure  by  the  W- 

lowing  process :  Rednce  the  mineral  to  powder,  mix  it  will 
thriee  its  weight  of  jiotash,  and  fuse  it  in  a  crucible.  Wal 
the  mass  in  piure  water  till  tlie  whole  of  the  potash  is  extniet<Jf  J 
tlien  dissolve  the  residuum  as  far  as  possilde  in  diluted  nnirbdci 
acid.  Boil  the  solution  to  precipitate  any  silica  which  nfj 
have  been  dissolved;  then  filter  and  add  a  quantity  of  pota4J 
The  zireonia  jireeipitates  in  the  state  of  a  fine  powder.  j 

Berzelius  succeeded  in  depriving  zireonia  of  its  oxvgen,iBLi 
obtaining  the  base  in  an  isolated  state.  To  tliis  base  hem 
given  the  name  nt  zirconimn,^     His  process  was  as  follows:  1 

zinomtua.  The  double  salt  called  j}otafik'Jfnatf  of  zireonia^  is  reduoU 
to  powder  and  heated  to  drive  off  all  its  water  of  cry<itallj2akiM 
It  is  then  mixed  in  an  iron  tube  with  potassium,  die  t^'ofllM 
stances  being  introduced  in  alternate  layers  into  the  tnhe,ili>j 
heated  suflfieiently  to  melt  tlie  potassinm,  then  the  twa  soti 
stiiuces  are  well  mixed  by  means  of  an  iron  wire.  It  isii>| 
shut  and  heated  over  a  spirit  of  wine  lamp  till  it  begin  top*! 
red  hot.  The  potassium  deprives  the  zirconium  of  its  oxtg^l 
and  tlie  whole  is  converted  into  fluate  of  potash  and  zircanii^J 
When  cold  it  is  thrown  into  water ;  the  fluate  of  potash  frj 
solves,  ami  the  zirconium  falls  to  the  bottfim  in  the  stat9<ifa 
black  powder.     It  must  be  well  washed  and  dried*  I 

Ptopcrtiw.  Zirconium  thus  obtidned  has  a  close  resemblance  to  chsrcu 
powder.     Though  rubbed  by  a  burnisher  it  does  not  ac^jS^I 

^^^^L  ^  BeitrageJ.  231.                            f  Ann.  de  Chim.  xxL  7S.  I 

^^^^B  \  Ann.  de  Chtin.  x%%%u  158,  and  Jour,  de  Min.  An.  v,  97.  ^J 

^^^^B  §  Kong).  Vet4«nJt.  AcuJ.  Hand).  1824,  p.  205.  ^H 

^^^^^^^  ]|  Ti»«'                       '^ftcribcd  in  a  subsequent  part  \  ^^| 
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the  metallic   lustre.     It   k  almost  idways?  inked  with  some  ^^\^^- 

hydnite  ivf  zireoiiiii,  which  causes  it  to  burn  when  gently  heated.  _ _ 

BcrzeliiLs  recommends  as  the  best  way  to  get  rid  of  tliat 
hydrate  to  put  it  into  dilute  miiriittic  acid,  and  leave  it  for  6 
or  8  hours  at  tlie  temperature  of  about  100^*  The  acid  gra- 
dually dissolves  the  hydrate  without  acting  sensibly  on  the  zir- 
conium. The  zircomum  thus  obtained  is  to  be  wiished,  first  in 
a  Aolutiou  of  sal  mumoniac  and  afterwards  iu  alcolioL  For  when 
water  is  employed  the  zirconium  passeii  along  with  it  through 
the  filter. 

When  zirconium  is  thus  purified  it  has  some  resemblance  l«> 
plumbago  in  appearance ;  being  composed  of  brilliant  scales. 
It  IS  a  non-conductor  of  electricity.  When  heated  in  hydro- 
gen gas  or  in  vacuo  it  is  not  altered.  It  does  not  fuse  even  in 
a  strong  heat.  When  heated  ui  tlie  open  air  it  takes  fire  long 
before  it  is  red-hot,  and  burns  quietly,  being  converted  into 
zircon ia  which  Is  perfectly  white.  When  it  contains  hydrate 
of  zircon  ia  it  burns  in  an  instant  with  a  kind  of  explasion, 
which  throws  every  tiling  out  of  the  tube.  When  mixed  witli 
chlorate  of  pota»)i  it  takes  fire  when  violently  struck ;  but  burns 
without  detonating-  In  fused  nitre  it  does  not  burn  at  a  heat 
below  redness.  \\*hen  mixed  w^ith  cari>onate  of  potash  it 
^  burns  at  the  expef»se  of  the  carbonic  acid  withja  feeble  disen- 
gagement of  light.  It  burns  also  iu  melted  borax^  in  conse- 
quence of  the  u-ater  wliich  the  Sidt  retains.  For  the  same  reason 
it  burns  when  heated  in  the  alkaline  hydrates. 

It  is  not  acted  on  at  the  ordinary  tempera  lure"  of  the  atmo- 
sphere by  sulphuric  or  muriatic  acids.  Even  when  long  boiled 
in  these  acids  the  action  is  very  small.  Neither  nitric  acid 
nor  aqua  regia  is  capable  of  dissoKnng  it.  But  it  dissolves 
readily  in  lluoric  acid  with  disengjigement  of  hydrogen  gas. 
A  mixture  of  fluoric  and  nitric  acids  dissolves  it  with  great 
rapidity.     It  does  not  tlissolve  in  anistjc  alkaline  leys. 

II.   We  know^  only  one  compound  which  it  is  capable  of^^**"'*'' 
forming  with  oxygen;  namely,  zirconia. 

This  substance  is  usually  obtained  by  decomposing  the 
hyacinths  of  Expailiy.  If  we  heat  these  cr)^stals  ;to  redness, 
and  choose  those  only  for  our  purpose  which  become  transpar- 
ent and  colourless,  the  zirconia  is  exem|>t  from' iron.  But  if 
we  take  coloured  crystals  we  obuun  the  zirconia  contimiinated 
with  peroxide  of  iron.  This  oxide  of  iron  may  lye  removed  by 
varioiLs  prucesse<i.  1.  If  we  dissolve  the  impure  zirconia  in 
muriutic  acid  and  evaporate  the  solution  till  it  be  reduced  to 
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ift    the  consistence  of  a  paste,  aiid  then  wash  this  paste  with  con 
central ed  murktic  acid  till  it  has  dissolved  all  the  iron,  ih^ 
residue  mil  consist  of  a  solution  of  pure  zircoiiia  in  inumli^| 
acid.     From  this  pure  salt  the  zirconia  may  be  throwii  down 
by  ammonia,  and  calcined.     This  process  M^is  contrived  by 
ChevreuL*     2.  The  impure  zirconia  tlirown  doMTi  by  ammu- 
nia  is  well  washed,,  and  tbeii  boiled  in  an  aqueous  solutioii  d 
oxalic  acid  till  tlie  wlioic  iron  is  dissolved.      Wliat  remaimr 
after  being  well  washed,  is  oxalate  of  ^ireonia*      MTien  cal- 
cined it  leaves  the  zirconia  in  a  state  of  purity*      Thb  prow* 
was  contrived  by  Messrs.  Dubois  and   Silveira,f     S*  A  safti-     , 
rated  solution  of  sulphate  of  potash  is  poured  into  the  neatd     | 
solution  of  zirconia.     This  salt  deprives  the  zirconia  of  Efot' 
tion  of  Its  acid,  and  throws  it  down  h)  the  state  of  an  mdf^ 
ble  subsalt.     When  washed  and  digested  in  hydrate  of  potdk 
or  sodit,  pure  zirconia  is  obtained.     This  process  was  contrift^ 

by  Berzelins4 

Zirconia,  thus  prepared,  has  the  form  of  a  fine  white  pawdf!? 
wliich  feels  somewhat  harsh  when  rubbed  bet^^eeu  the  fingm 
It  has  neitlier  taste  nor  odour.     It  is  infusible  before  thebkif* 
pipe ;  but  when   heated   violently  in  a   charcoal  crudhlr  il 
undergoes  a  kind  of  imperfect  fusion,  acquires  a  gmy 
and  something  of  the  a|>pearauce  of  porcelain*      In 
it  is  very  hard,  its  specific  gravity  is  4-3,  and   it  is  no 
soluble  in  acids,      Zirconia  is  insoluble   in  water;  but  it 
a  considerable  atBnity  for  that  liquiti      When   dried  dcnriji 
after  being  precipitated  from  a  solution,  it   retains  about 
third  of  its  weight  of  water,  and  assumes  a  grayish  yel 
colour,  and  a  certain  degree  of  semi-transparency,  w  hich  gi' 
it  some  resemblance  to  commun  ghie.     It  is  insoluble  u 
alkalies,  neither  can  it  be  fused  along  wdth  them  by  mi 
heat;  but  it  is  soluble  in  alkidine  carbonates. 

After  ignition,  zirconia  is  insoluble  in  acids,   except 
centrated  sulphuric  acid,  by  digestion  in  which  it  may  be  fr 
solved.     It  recovers  its  solubility  likewise,  ^-hen  ignited  litl 
potash.     The  hydrate  of  zirconia  (in  which  state  it  is  p 
when  precipitated  from  it^  acid  solutions    by  ajBmonia» 
dried  w^ithout  artificial  heat,)  is  a  white,  bulky,  semigeUtiiKiS 
matter,  which  dissolves  readily  in  acids  while  moist,  but^ 
being  dried  its  solution  goes  on  very  slowly.       It 


•  Ann  de  (Jhitn.  et  tie  l*hys.  xiil  245.  f  i\^i^  ^iv.  IMT 

t  Traile  de  Chiniie,  ii.  387* 
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much  in  drying,  WTien  heated  it  begins  to  glow  like  a  live  J"'*"^"' "■ 
coal  when  the  temperature  is  raised  nearly  to  redness.  This  ^^„  * 
hydrate  dissolves  in  smiill  quantity  and  very  slowly  in  car* 
bonate  of  ammonia.  It  is  insoluble  in  the  fixed  alkaline  car- 
bonat4?8.  But  if  we  precipitate  a  salt  of  zireonia  by  carbonate 
of  potash,  and  add  an  excess  of  this  carbonate,  the  precij)itate 
redissolves.  I'he  expfriment  succeeds  still  better  wnth  the 
bicarl)onate  of  potash  than  with  the  carbonate. 

The  only  experiments  hitherto  made  to  determine  the  atomic  ^*JJ^5 
weight  of  zireonia  are  those  of  Berzelius.     He  found  neutral 
sulphate  of  zireonia  composed  of 

Sulphuric  acid         .         ,         100         or  5 
Zireonia  .         .         .  75853  or  3*7926 

Now  if  this  salt  be  composed  of  an  atom  of  each  constituent, 
it  is  obvious  that  the  atomic  wei^rht  of  zireonia  is  *3'7926.* 

He  attempted  to  analyze  tlie  hydrate  of  zireonia,  dried  at 
the  temperature  of  140*;  but  its  tendency  to  absorb  moisture 
after  ignition  w^  so  great^  that  he  succeeded  but  imperfectly. 
The  greatest  quantity  of  water  which  he  found  united  with 
100  zirtonia  was  15'4,  Now  if  we  were  to  consider  this 
hydrate  as  a  compound  of  *2  atoms  zireonia  to  I  of  water,  the 
atomic  weight  of  zireonia  would  be  J>65.  But  no  confidence 
can  be  put  iJi  this  result  for  very  obvious  reasons. 

I  attempted  to  determine  the  atomic  weight  of  zireonia  by 
a  rigid  analysis  of  the  pure  hyacinth  of  Expailly.  The  result 
of  the  analysis  was, 

Silica  •         •         a3'32 

Zireonia         .         •         66*00 


u 


But  here  tlie  loss,  amounting  to  0  68  per  cent,  destroys  the 
consequence  which  might  otherwise  be  drawn  from  tliis  analysiii- 
If  the  loss  be  supposed  to  fall  proportionally  on  tl*e  two  con- 
stituents, and  if  tlie  mineral  be  a  simple  silicate  of  zireonia, 
the  atomic  weight  of  zireonia  would  be  0^96* 

Berzelius  analyzed  the  same  mineral,  and  obtained 
Silica  ,         .  m-AB 

Zireonia  .         *  67*16 


!0064t 
But  here  there  is  an  excess  of  0*64  per  cent,  which  gives  to  it 

♦  KongU  Vet.  Acad,  tlondl.  1824,  p.  302.  f  Ibi^l-  P^  ^^* 
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ch-p.  nt    the  same  uncertainty  as  my  deficiency.     These  namben  gift 

"  ^  4'011  for  die  atomic  weight  of  zirconia. 

I  think  it  not  improhaUle,  from  tliese  analyses,  tlial  tk 
atomic  weight  of  this  suhstance  may  ultimately  turn  out  U)  be 
4.  Meiuiwhile  tlie  analysis  of  the  sulphate  of  zircoms  % 
Berzeliu*,  which  must  be  very  near  the  truth,  gives  iis  ii€«ri|f 
the  number  3*75  as  the  atomic  weight.      If  zircouia  be  a  o 


pound  of 


1  atom  zireouiura 
1  atom  oxygen 


2-75 
1 


Std^UJ-ct, 


:3-75 

then  *2'7r>  must  be  the  atomic  weight  of  zireoniuin. 

III.  When  zirconium  is  lieated  in  chlorine  gas  il  takes &** 
and  is  converted  into  a  white  fixed  matter,  which  is  chloriile  j< 
zirconium. 

IV.  Nothing  is  known  respecting  the  eonnbination  of  if* 
conium  with  bromine  anti  itKline.  Nor  has  it  been  aseerttii'' 
whether  it  unites  with  liydrogen  and  azote. 

V.  When  zirconium  is  obtained  by  means  of  potaaatft 
containing  carbon,  it  seems  to  be  in  the  stale  of  a  carb*o'^ 
For  when  digested  in  mLiriatic  acid  it  gives  out  asroellsiiBk 
to  that  of  cast-iron,  when  so  treated.  %\Tien  calcbed,  I 
zircouia  obtained  is  gray,  and  it  is  extremely  difficult  to 
out  the  carbon,* 

VL  Notliing  is  known  respecting  the  boret,  silicetyOr] 
phuret  of  /jrcoiiinm, 

\\l.  Sulphuret  of  zirconium  is  obtained  when  riramfi' 
and  sulphur  are  heated  in  vacuo,  or  surrounded  with  Krdrtcif  i 
gas.     At  the  insUint  of  combination  a  feeble  light  is  c^uiwi 
This  suljihuret  is  a  powder  of  a  deep  brown  colour,  wliicki* 
not  acquire  hmtre  under  the  burnisher.      It  is  insoluble  is* 
phurie,  nitric,  and  muriatic  acids.      Aqua   regia  dissolw*'! 
sh)wly  at  a  boiling  heat.     Fluoric  acid  dissolvefi  it  nipi^l 
while  sulphuretted  hydrogen  gas  is  given  out.      It  is  iN»l< 
solved  by  caustic  potash.      Wlien  fused  with  hydrate  of  pol^ I 
we  obtain  sulphuret  of  potassium  and  zircoiua.f 

VIII,  Nothing  is  known  respecting  the  seleniet  of  cj^I 
nium ;  lutr  have  any  exj>erinients  been  made  to  deter^j 
whetlier  it  be  capable  of  combining  with  the  metals. 


•  Btrzclius, 


t  Ibid. 
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SECTION  VI. — OF  THORIUM.  F*rolly  IL 

Sect.  VI, 

During  Berzelius's  analytical  experimeiite  on  gadoUnite  141 


I8I0,  he  obtained  a  small  quantity  of  a  white  matter,  which  **^^^- 
possessed  peculiar  properties,  and  to  which  he  gave  the  name 
of  tJiorififi^  considering  it  Wi  the  oxide  of  a  new  nietid.  He 
aft4?rwards  ascertained  that  this  supposed  new  earth  was  merely 
a  phospkfiie  of  yttria,^  But,  in  18*28,  he  received  from  Pro- 
fessor Remark,  of  Christiania,  in  Nonvay,  a  black  mineral  like 
obsidian,  and  having  a  specific  griivity  of  4-63,  To  thi.s  mine- 
ral Berzelius  gjive  the  name  of  thorite.  It  was  discovered  in 
syenite  in  the  Isle  of  Ltiv-on,  near  Brevig,  in  Norway,  and  is 
very  scarce,  Tliis  mineral  Berzelius  suhjected  to  analysis, 
and  he  found  it  composed  of  the  following  substsmces : 


I 


r 


Thorina, 

^ 

57-91 

Lime, 

^ 

2'5B 

Peroxide  of  iron,    , 

, 

3*40 

Deutoxide  of  manganese. 

!2'39 

Magnesia, 

0-36 

Peroxide  of  uranium, 

1-61 

Protoxide  of  lead^ 

0*80 

Oxide  of  tiu. 

001 

Silica, 

18-98 

Water, 

9-50 

Potash, 

014 

Soda, 

010 

Alumina, 

006 

Undecomposed  matter, 

1-70 

99.54f 
To  obtain  thorina  from  tins  mineral  it  was  reduced  to  powder,  ^JJJJ^l^*^ 


and  digested  in  muriatic  acid.  It  became  yellow,  mid  gave 
out  chh>rine,  and  finally  ili>is(»lved.  It  was  evaporated  to  dry- 
ness and  redissolved  in  innriatic  acid  to  get  rid  of  the  silica* 
The  muriatic  acid  sohidon  was  precipitiited  by  caustic  ammo- 
nia, which  precipitated  the  thorina,  still  contaminated  by  vari- 
ous impurities.  While  still  moist  it  was  dissolved  in  muriatic 
acid.  Through  this  soluti*>n  a  current  of  sulphuretted  hythro- 
gen  gas  was  passed,  which  threw  down  a  little  tin  tuid  lead- 
It  was  then  evaporated  to  dryness  by  a  gentle  heat  to  get  rid 

•  Kong,  Vet.  Acad.  Hand!.,  1824,  p.  318. 
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Tborluta 


Oxidv^  or 


ch*p.  III.    q(  a  little  silica,  which  it  still  containecL      The  new  solutioo 
was  precipitiited  by  caustic  potash  added  in  excess,  and  boiled 
with  it,  to  dissolve  a  little  alumiiui,  wliich  ivas  mixed  with  llie 
tboniia*     The  new  precipitate^  thus  freed  from  silica,  wiw  dl*- 
solved  ill  miiriutic  acid,  and  the  solution  beiii^  neutraliieil  U 
caustic  aiamoiiia,  m  niacb  sulphate  of  potash  was  added  U^c 
as  it  was  ciipalde  of  dissolving,     A  fine  white  powder  6ii 
which  wa8  collected  on  the  filter  and  washed  with  a  satmitK^ 
solution  of  sulphate  of  potash.     It  wb&  now  dissoh^ed  in  boil- 
ing water,  and  the  solution  being  mixed  with  caustic  pota*i 
thorina  w<is  thrown  down  in  the  state  of  a  white  powder.   1: 
was  wahlied  and  dried,  and  was  pure,  with  the  exceptiQiQ  (^ » 
small  quantity  of  oxide  of  maiigane&e^  which  it  was  iitd 
impossible  to  sepanite* 

Wlien  thorina  is  mixed  with  charcoal  powder,  and  I 
to  redness  in  a  porcelain  tube,  while  a  current  of  dry  cbWi*  i 
is  made  to  pass  over  it,  chloride  of  thorium  is  obtained.  Wl*  | 
this  chloride  ]<^  heated  with  potassium,  lu  a  platinum  cnid^ 
or  a  glass  tube,  a  sliglit  detomition  takes  place,  and  heal.^ 
no  light,  Is  evolved*    A  dark  gray  matter  is  obtained.    Mlfl 
washed  with  water,  a  little  hydrogen  ga»  is  givea  oolt^j 
chloride  of  potassium  dissolves^  and  the    thorium  is  kftini 
powder,  having  an  iron  gray  colour,  and  metallic  lustre.  lil 
aluminum,  it  appears  to  be  malleable.      It  is  not  oxJthi«^^[ 
water,  even  when  assisted  by  heat,      ^\^lell  gently  haitJ'l 
the  open  air,  it  takes  fire  and  bums  \iith  very  greats 
being  converted  into  thorina.     The  earth  thus  formed  is « 
white,  and  exhibits  no  traces  of  fusion,   notwitlistaiMiiig^l 
very  higli  tempemture  during  the  combustion. 

When  thorium  is  put  into  dilute  sulphuric  acid)  a  i 
effervescence,  with  the  disengagement  of  hydrogen  g».  ^ 
place  at  first;  but  this  soon  stops,  even  though  the  liqwi^* 
heated*     Indeed,  so  slight  is  the  action   of  dilute  stilpi^l 
acid  on  tliorium,  that  we  may  employ   that  liijuid  to  1 
from  the  remains  of  thorina,  with  which  it  may  be 
Nitric  acid  acts  upon  tliorium  with  still   less  energ>' 
phuric  acid.     But  muriatic  acid  dissolves  it  mpidlv 
evolution  of  hydrogen  gas,  at  least  if  we  assist  the  actiwi 
gentle  heat.     Thorium  is  not  acted  on  by  the  cauiltic  i 

11,   The  only  compound  which  thorium  seems 
forming  with  oxygen  is  thorina.     To  obtain  this  mh^ 
the  fttate  of  a  hydrate,  we  have  only  to  add  caustic  pot> 
the  solution  of  thorina  in  an  acid. 


itm 
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Hydrate  of  thorina  is  gelatinous,  is  speedily  deposited,  and  ?«"%  h, 
contracts  much  while  drying.  When  dried  in  the  open  air  it  _ 
absorbs  carbonic  aciil,  it  ought  therefore  to  he  dried  in  ^aciio,  nydrntc 
by  means  of  sal p!i uric  acid.  While  moist  it  dissolves  readily 
in  acida,  but  it  Is  much  less  soluble  when  dry.  The  salts 
which  it  forms  have  a  styptic  taste.  Thi^  hydrate  is  insoluble 
in  the  caustic  alkalies ;  but  it  dissolves  in  the  carbonates,  and 
the  solubility  increases  with  the  concentration  of  these  alkaline 
solutions.  It  is  more  soluble  in  cold  than  in  hot  carbonate  of 
ammonia.  Ammonia  does  not  precipitate  thorina  from  a  satu- 
rated solution  in  carbonate  of  ammonia,  as  it  does  zireonia. 
When  strongly  heated  this  hydrate  gives  out  its  water,  and 
the  anhydrous  thorina  obtained  is  very  htird  and  difficultly 
reducible  to  powder.  In  that  state  it  is  soluble  in  no  acid 
except  the  sulphuric.  To  obtain  a  solution,  the  earth  reduced 
to  a  fine  powder,  must  be  digested  for  a  long  time  in  sulphuric 
acid,  diluted  with  half  its  weight  of  water.  The  excess  of 
acid  is  then  driven  off,  and  the  saline  mass  dissolves  slowly  in 
water.  It  is  not  rendereit  soluble  in  acids  by  cidcining  it  w^ith 
a  caustic  or  carbonated  alkali.  When  the  alkali  is  extracted 
after  such  a  calermition,  the  tliorina  cannot  be  washed  with 
pure  water,  tor  it  forms  with  it  a  milky  liquid,  w^hich  passes 
through  the  filter, 

Thorina  is  dLstinguished  from  the  other  earths  by  the  fol-  ^JJJ?"  °^ 
lowing  properties : 

1.  Its  sulphate  is  precipitated  from  its  solution  by  raising  it 
to  a  boiling  temperature,  and  dissolves  again,  though  slowly, 
in  cold  water.     This  property  is  peculiar  to  thorina. 

2.  It  is  insoluble  in  caustic  alkaline  leys,  which  distinguishes 
it  from  alumina  and  glucina, 

3.  It  forms,  with  ]>nr«Lsh,  a  double  sulphate,  which  is  soluble 
ill  water;  but  insoluble  in  a  saturated  solution  of  sulphate  of 
potash.     This  distinguishes  it  from  yttria, 

4-  Zireonia  forms  a  similar  <louble  sulphate  with  potash; 
but  it  is  almost  wholly  insoluble  in  ctdd  water.  This  distin- 
guishes it  from  thorina.  Besides,  tlie  sidt*^  of  thorina  are  pre- 
cipitated by  prussiate  of  potash,  which  is  not  the  case  with  the 
Halts  of  zireonia. 

5.  From  the  protoxide  of  cerium  it  is  distinguished  by  not 
becoming  red  brown,  but  continuing  white  when  it  is  calcined. 
And  by  not  forming  a  coloured  i*ead  before  the  blow]>ipe 
either  with  borax  or  with  biphosphate  of  soda. 

Berzeliuj^,  in  order  to  determine  the  atomic  weight  of  tho- 
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Atomic 
weight 


Chap.  iiL  rina,  made  two  successive  analyses  of  the  sulpliate,  wbidip 

the  following  results : 

First  Seeoid. 

Sulphuric  acid,  .5  .  .5 

Thorina,  .         .         8-46      .  .     8-38 

By  another  analysis,  the  atomic  weight  came  oat  8*51 
We  cannot  err  much,  therefore,  if  we  fix  upon  8*5  aid 
atomic  weight  of  thorina.  There  is  reason^  firom  analogj^l 
conclude  that  thorina  is  a  compound  of 

1  atom  thorium,         .  .  7*5 

1  atom  oxygen,  .  .  1 


Chloride. 


8-5 

On  that  supposition  the  atomic  weight  of  thorium  will  be  7i 
The  hydrate  of  thorina  is  a  compound  of 

1  atom  thorina,  •  •  8-5 

1  atom  water,  •  •  1*125 

III.  Chloride  of  thorium  is  formed  by  the  process  descriM 

in  the  beginning  of  this  section.     Berzelius  has  gifcn  ■> 

account  of  its  properties.     Nor  has  it  been  analy^   h 

there  can  be  no  doubt,  from  analogy,  that  it  is  a  compomi' 

1  atom  chlorine,         .  .  4*5 

1  atom  thorium,         .  .  7*5 


Fhocphuret. 


Sulphuret 


12 

so  th{it  its  atomic  weight  must  be  12. 

IV.  No  experiments  have  been  made  to  detennine  tt* 
nature  of  the  bromide  and  iodide  of  thorium.  Nor  dowekn* 
whether  it  forms  compounds  with  hydrogen,  azote,  caA* 
boron,  and  silicon. 

V.  The  phosphuret  is  formed  when  thorium  is  heated  lai 
vapour  of  phosphorus.  The  composition  is  accompanie'^ 
the  evolution  of  light.  The  phosphuret  has  a  gray  ^ 
and  the  metallic  lustre,  and  has  some  resemblance  to  pl^ 
bago.  It  is  not  altered  by  water ;  but  when  heated  it 
fire,  and  is  converted  into  phosphate. 

VI.  Svlphuret  of  thorium  is  formed  when  a  mixture  of  4 
two  constituents  is  heated  in  a  close  vessel,  and  brilliant 
bustion  accompanies  the  combination.  The  sulphuret  is  brt^ 
acquires  brilliancy  when  burnished,  but  never  assume*  ^ 
metallic  lustre.  When  heated  in  hydrog^en  gas  it  undaj!'' 
no   <aIteration.      When    heated  in  the    open  air  the  ^^ 
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suWimes,  ancl   the   thoriiiin   is   converted   into  tlioriiia;   it  k   F*n>"yiti. 
scarcely  actetl  on  by  sulphuric,  iiitric,  or  muriatic  iicid,  even 
when  the  action  is  assisted  by  heat.     Aqua  regia  dissolves  it 
campletcly  by  the  assistance  of  heat,  and  converts  it  into  sul- 
phate of  thorina, 

VII.  Nothing  is  known  respecting  the  scleniet  of  thorium. 
Nor  has  any  attempt  been  made  to  allay  it  witli  other  metak. 


Sect,  I. 


FAMILY  IlL     DIFFICULTLY  FUSIBLE  BASES, 
The  four  metals  which  constitute  this  family  will  be  described 
in  the  four  following  sections, 

SECTION  I- OF    IRON. 

Iron,  the  most  abundant  and  most  useful  of  all  the  metals, 
was  neither  known  so  early,  nor  i^Tought  so  easily,  as  gold, 
silver,  and  copper.  For  its  discovery  we  must  have  recourse 
to  the  nations  of  the  east,  among  whom,  indeed,  almost  all  the 
arts  and  sciences  first  sprung  up.  The  writings  of  Moses 
(who  was  born  about  16;35  years  before  Christ)  furnish  us 
with  the  amplest  proof  at  how  early  a  period  it  was  kncjwn  in 
Egypt  and  Phueniciii*  He  nientions  turnaces  for  working 
iron*  ores  from  which  it  was  extracted  :f  and  tells  us,  that 
swords,J  knives,§  axes,||  and  tools  for  cutting  stone,^  were 
then  made  of  that  motaL  How  many  ages  hotbre  tlie  birth 
of  Moses  iron  must  have  been  discovered  in  these  conntries, 
we  may  perhaps  conceive,  if  we  reflect,  that  the  knowledge  of 
iron  was  brought  over  from  Phrygia  to  Cireece  by  the  Dac- 
tyli,**  who  settled  in  Crete  during  the  reign  of  Minos  I. 
about  14']1  years  before  Clirist;  yet  during  the  Trojan  war, 
which  happened  '200  years  after  that  periiMl,  iron  was  in  such 
high  estimation,  that  Achilles  proposed  a  ball  of  it  as  one  of 
his  prizes  during  the  games  which  he  celebrated  in  honour  of 
Patroclus.  At  that  period  none  of  their  weapons  were  fonned 
of  iron.  Now  if  the  Greeks  in  200  years  had  made  so  little 
progress  in  an  art  which  they  learned  from  others,  how  long 
must  it  have  taken  the  Egyptians,  Phrygians,  Chalybes,  or 
whatever  nation  first  discovered  the  art  of  workijig  iron,  to 
have  nuide  that  jirogress  in  it  wliieh  we  find  they  had  done  in 
the  days  of  Moses  ? 

•  Deuu  iv.  20.  f  Ibid,  viij,  1).  J  Numb,  xxxv.  16* 

f  Levit,  in,  [|  Dent,  xviii.  5.  \  IbicL  xxvii  5i 

Ilc^iod,  as  qnoteii  by  Pliii}',  lih.  \i\,  c,  37, 


m^tBt$, 


Ores  of  Iron. 


480  SIMPLE  ALKALIFIABLE  BASES. 

chaiK'iii.  I.  Iron  is  of  a  g^y  colour;  it  is  very  rarely  found  in 
metallic  state ;  but  the  ores  of  it  abound  in  almost  every  p 
of  the  earth.  Forty-seven  different  species  of  iron  ores  k 
been  described  and  characterized  by  mineralog^ts.  Bat 
far  as  metallurgy  is  concerned  there  are  only  two  Eptm 
diree  at  most  from  which  the  prodigious  quantity  of  iron  d 
occurs  in  commerce  is  extracted.  These  are,  Is^  sn^w 
iran  ore,  which  occurs  in  great  abundance  in  Sweden  and  t 
nortli  of  Europe.  It  is  a  heavy  mineral,  haying  the  metil 
lustre,  and  being  attracted  by  the  magnet,  and  frequeot 
magnetic.     It  is  a  compound  of 

1  atom  protoxide  of  iron,         .  .  4*5 

2  atoms  peroxide  of  iron,  .  .  10 

14-5 

or  it  consists  of 

Iron,      .         •         •         .  . 

Oxygen,         ..... 

14-5 

It  is  from  this  ore  that  the  Swedish  and  Russian  bmi 
obtained. 

2.  The  ore  from  which  the  iron  smelted  in  Great  Briti 
is  obtained  is  a  carbonate  ofiron^  which  constitutes  either  bci 
in  the  coal  formation,  or  exists  in  detached  nodules  in  the  tf^ 
clay  which  constitutes  one  of  the  most  abundant  of  the  bcA^ 
the  coal  formation.  This  ore  is  lighter  tlian  magnetic  i^ 
ore.  Its  colour  is  black  or  brown,  or  red,  or  gray,  wew 
blue,  and  when  exposed  to  a  red  heat  it  loses  about  the  tb 
part  of  its  weight.     It  is  composed  of 

1  atom  carbonic  acid,  .  .  2-75 

1  atom  protoxide  of  iron,  .  .  4-5 

7-25 

So  that  the  greatest  quantity  of  iron  ever  contained  in  1* 
parts  of  this  ore  is  48-27  parts;  whereas  100  parts  of  p* 
magnetic  iron  ore  contain  72-41  parts  of  iron.  Indeed* 
quantity  of  iron  contained  in  the  carbonate  is  seldom  so  ■ 
as  48  per  cent;  because  it  is  hardly  ever  pure,  beinff  ■> 
with  clay,  Hme,  and  even  coal,  in  greater  or  smaller  proporo* 
On  that  account  it  is  usually  distinguished  among  minerakfi^ 
by  the  name  of  vlay  iron  ore.  It  has,  however,  the  p^ 
advantage  of  occurring  along  with  or  near  the  fuel  which  '^^^ 
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employed  in  smelting  it,  am!  the  processes  requisite  for  extract- 
ing iron  from  it  are,  comparatively  speaking,  easy. 

Bog  iron  ore  and  hemutite  or  perhydrate  of  iron,  and  also 
the  anhydrous  peroxide  or  oligiste  iron  ore,  are  sometimes 
also  used  as  ores  from  which  iron  is  extracted,  but  rarely  if 
ever  in  this  country. 

Tbe  smelting  of  iron  in  this  country,  to  the  prodigious  extent 
which  it  is  now  carried,  is  comparatively  recent,  and  can 
Bcareely  be  dated  farther  back  tlian  50  years.  It  seems  to 
have  owed  its  commenccmenl  to  the  armed  neutrality  entered 
into  by  the  Russians,  Swedes,  and  Danes  towards  the  end  of 
the  American  revohitionary  war.  Ilie  quantity  now  annually 
smelted  exceeds  600,000  tons,  and  the  price  has  sunk  to  little 
more  than  5  pounds  per  ton.  The  consequence  of  tliis  low 
price  has  been  an  increased  consumption  of  iron  beyond  all  anti- 
cipation, to  tlie  great  benefit  of  the  country  and  all  the  branches 
of  trade  and  manufacture.     The  two  great  foci  of  the  iron 

Imanufiieture  in  Great  Britain,  are  the  neiglibourhood  of  Swan- 
sea and  the  country  between  Wolverhampton  and  Dudley  in 
Staffordshire*  But  a  good  deal  is  also  made  in  Shropsliire, 
Yorkshire,  Derbyshire,  Nortli  Wales,  and  Scotlanth  Many 
improvements  have  been  recently  introduced  into  the  smelting 
Iprocesses. 
The  following  is  a  short  sketch  of  tlie  metiiod  of  smelting 
iron  ore,  [iractised  in  tliis  country. 

1st  Process,  lioaMimf,    The  ore  broken  into  small  pieces  is 
mixed  with  small  coal  and  laid  to  a  height  of  6  or  7  feet  on 
large  pieces  of  coal ;  forming  a  heap  which  is  narrow,  but  as  long 
as  the  ground  will  jiermit.     ^Fhe  combustion  Is  begun  at  one 
end,  and  allowed  to  proceed  till  it  reaches  tlie  farthest  extremity. 
The  quantity  of  coal  used  in  this  process  varies  in  different 
places  according  to  the  goodness  of  the  coat    The  most  being 
I  ton  of  coal  to  Ti  tons  of  ore,  and  the  legist  1  tun  of  coal  to  8 
toii«  of  ore.     By  this  process  the  carbonic  acid  gas  of  the  ore 
is  driven  off.   The  loss  of  weight  varies  from  one-fourth  to  one- 
third,  according  to  the  goodness  of  the  ore.     In  general  3^ 
tons  of  the  raw  ore  when  roasted  are  reduced  to  2|  ttms,     F'rom 
this  quantity  of  ore  about  I  ton  of  east-iron  is  generally  obtained. 
2d  Process,  Smelting,     This  process  consists  in  mixing  the 
d  ore  witli   limestone  and  coke,   and  exposing  it  to  a 
heat  in  a  blast  furnace. 
The  furnace  is  a  kind  of  cone  from  36  to  60  feet  in  height, 
rding  to  the  extent  of  tlie  w^ork.    Its  most  common  height 

2  I 
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Chap.  III.  ig  45  or  50  feet,  of  which  the  chimney  constitutes  one-fifth  part 
The  diameter  of  the  chimney  varies  from  4  to  6  feet.  The  unider- 
most  part  of  the  furnace  consists  nearly  of  a  square  biiildiii|[. 
Then  it  swells  out  and  is  at  its  widest  about  one-third  from  the 
bottom,  after  which  its  dimensions  grradually  contract  to  die 
chimney.  It  is  built  of  good  fire-brick,  and  is  double  to  keq> 
in  the  he«it. 

Flux.  Limestone  is  used  as  a  flux  to  separate  the  clay  {abimm 

and  silica)  with  which  the  ore  is  always  contaminated.  For 
lime  has  the  property  of  uniting  with  clay  and  melting  wiA  i 
into  a  liquid  glass.  The  proportion  of  limestone  varies  acconi- 
ing  to  the  goodness  of  the  ore.  In  general  2:^  tons  of  the  roasted 
ore  require  19  hundred  weight  of  limestone.  Or  in  round 
bers  3  tons  of  unroasted  ore  require  1  ton  of  limestone. 

Coking.  The  coal,  before  it  can  be  employed  for  smelting  iron  oi«. 

requires  to  be  coked.  The  method  of  coking  usually  followed  h 
the  neighbourhood  of  Glasgow  is  as  follows :  A  brick  duB- 
ney  is  built  about  5  feet  high.  Large  pieces  of  coal  are  ranged 
round  it  and  smaller  farther  off,  till  a  heap  is  formed  15  fefCa 
diameter  and  about  4  feet  high.  The  heap  is  then  covered  vid 
small  coal  or  ashes.  The  fire  is  kindled  at  the  chimney;  opei- 
ings  being  made  here  and  there  and  again  shut  to  regnlate  ik 
combustion.  It  is  allowed  to  continue  about  24  hours,  anlK 
at  last  put  out  by  throwing  water  on  the  heap.  By  this  po- 
cess  the  coal  in  our  neighbourhood  loses  about  half  its  weigkt 
The  same  remark  applies  to  the  Staffordshire  coaL  Bato 
Wales  they  iLse  a  kind  of  coal  called  ctUm^  which  yields  71  p«f 
cent,  of  coke. 

About  6  tons  of  coal  are  required  to  make  one  ton  of  c^ 
iron ;  but  the  quantity  varies  in  different  places.  In  ScodaJ 
it  was  once  as  high  as  ten  ton  of  coal  for  one  ton  of  cast-in»' 
but  of  late  years  the  quantity  has  been  greatly  reduced.  Tl? 
reduction  was  accomplished  by  diminishing  the  pressure  op*^ 
the  air  in  the  cylinders  which  constitute  die  bellows  thai  Ui^ 
the  furnace,  from  3^  lbs.  per  square  inch  to  1^  lbs.  InSofiO 
Wales  less  coals  arc  necessary  than  any  where  else  on  accouE' 
of  the  goodness  of  the  quality. 

The  ore,  the  coke,  and  the  limestone    (broken  into  ^ 
pieces),  are  introduced  into  the  furnace,  after  it  has  been  kindfe^ 
in  basketfuls  and  in  the  proportions  just  stated.    The  funopj 
is  always  ke]>t  full,  and  after  being  lighted  it  is  never  extbr 
guishod  till  it  reciuircs  to  be  repaired.    The  blast  of  air  isdri»=^| 
into  the  furnace  from  large  cylinders  by  means  of  a  steam-eng'J  | 
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Formerly  these  cylinders  were  plunged  in  water,  and  by  thb  ^^J^"^' 
means  rendered  air-tiglit,  buf  it  luis  been  found  beneficial  to  - 
remove  the  water  and  keep  the  air  dry.  By  the  joint,  ncdon  of 
the  lime  and  coke  the  ore  is  freed  from  its  impurities  which 
melt  into  a  liquid  glass;  while  the  iron  deprived  of  its  oxygen 
tumbles  by  its  weight  to  the  bottom  of  the  furnace  below  tlie 
blast,  where  it  accumulates  in  a  melted  state,  and  over  which 
the  j^eoriae  or  gliLs?*  swims  in  a  state  of  fui^ion. 

The  furnace  is  tiipped  every  24  hours,  and  the  melted  iron  is  [^^"*  * 
allowed  to  run  into  large  ingots  called  pit/M  in  sand  moulds. 
The  scorife  flow  out  after  the  iron  and  are  throM^n  away.  By 
this  process  the  iron  in  obtained  in  the  state  of  rast'irotu  Of 
this  there  are  three  qualities  distinguished  by  the  names  of  No. 
I,  No.  2,  and  No*  8.  Of  these  No.  1.  is  the  most  valuable  in 
the  state  of  cast-iron,  and  No.  i^  tlie  least  valuable,  Tl»e 
appearance  of  tlie  scoriae  enables  us  to  distinguisli  which  of 
tliese  three  varieties  of  cast-iron  the  furnace  has  yielded. 

The  scoriae  of  No.  1,  are  uniform  in  colour  and  appearance, 
glaiisy  and  feebly  tnuislucent. 

The  scoria?  of  No.  2  are  opaque,  heavy,  of  a  yellowish  green 
colour,  exhibiting  bands  of  bluish  enamel. 

The  scoris^  of  No,  0  are  black,  vitreous,  blebby,  ^nd  give 
out  the  smell  of  sulphuretted  hydrogen. 

The  quantity  of  cast-iron  made  in  a  given  time  has  of  late 
years  very  much  increased,  A  furnace  from  50  to  60  feet  in 
height  yields  from  60  to  70  tons  of  cast-iron  in  the  week. 
When  the  Clyde  Iron  Works  near  Glasgow  were  first  erected, 
the  produce  from  two  furnaces  was  only  1 5  tons  per  week.  At 
present  the  same  two  furnaces  yield  about  90  tons  a  week.  It 
is  more  difficult  to  obtain  cast-iron  of  the  first  quality  in  summer 
than  in  winter. 

3d  Process,  Eefining,  Mlien  the  cast-iron  is  intended  to  be  a  iwining. 
used  in  the  state  in  which  it  is  first  obtained,  the  object  of 
the  smelter  is  to  form  No.  1,  though  this  is  not  always  in  his 
power.  But  when  all  the  iron  smelted  is  to  be  converted  into 
bar-iron,  as  in  Wales,  the  cast-iron  is  always  obtained  in  the 
state  of  No.  2.  The  composition  of  the  scoriae  in  that  case  is 
mcMit  commonly 

2  atoms  silicate  of  lime, 
I  atom  silicate  of  alumina. 
But  there  is  usually  present  also  some  silicate  of  iron  and  sili- 
cate of  magnesia. 

When  c^st-iron  is  to  be  converted  into  bar-iron  it  undergoes 
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c»»n>.  "I-  three  successive  processes,  the  first  of  which  is  called  refining. 
By  this  process  it  is  converted  into  No.  3,  or  urhiie  ccwf-trwt 
6  pigs  of  cast-iron  are  put  at  once  into  the  refining  furnace, 
and  covered  with  coke  above  and  below.      The  whole  is  fused 
and  kept  in  tliat  state  for  24  hours.     During  this  process  a 
good  deal  of  carbonic  oxide  gas  is  given  out,  as  is  obvious  frai 
the  blue  flame.     It  is  then  drawn  from  the  furnace  and  art 
into  a  cake  10  feet  long,  3  feet  wide,  and  two  and  a  lialf  incka 
thick.     It  is  then  cooled  with  water.     In  this  state  it  is  wliitr 
and  very  hard.  Its  fracture  is  fibrous  or  radiated,  and  it  is  oAn 
filled  with  spherical  ca^dties.    The  scorise  from  this  process  ik 
obviously  derived  from  impurities  in  the  cast-iron  and  frcmi  tfe 
ashes  of  the  coke.    They  are  black,  metallic,  often  fibrous  Msi 
crystallized.     A  specimen  of  these  scoriee  analyzed  by  Berthier 
was  found  to  be  a  compound  of 

1  atom  phosphate  of  alumina, 
8^  atoms  silicate  of  iron. 
The  loss  sustained  during  this  process  varies  from  12  to  17  per 
cent.  For  every  ton  of  cast-iron  refined,  about  2  or  2}  tov 
of  coke  are  employed.  By  this  process  tlie  iron  is  freed  hm 
scoriae,  and  brought  to  the  state  of  white  cast-iron.  Whci 
phosphoric  acid  is  present,  it  appears  from  the  analysis  of  tkr 
scoriae  that  it  is  got  rid  of  by  this  process. 
♦.  Fuddling.  4th  Process,  Puddling.  This  process,  to  which  the  ext«f 
of  the  manufacture  of  iron  is  altogether  owin^,  was  contrive' 
by  Mr.  Cort,  of  Gosport,  about  the  year  1785.  It  lasts aW 
two  hours  and  a  half.  The  white  cast-iron,  or  Jine  mefaL  d 
the  last  process,  is  put  into  a  reverberatory  furnace,  in  whif' 
it  is  arranged  round  the  edges.  Heat  is  supplied  by  tk 
flame  of  pit-coal  which  is  made  to  play  upon  it.  The  n^ 
softens ;  it  is  stirred  and  gradually  fells  to  pieces.  The  fiffi 
then  lowered,  and  the  stirring  continued  till  the  metal  is  reiiw*' 
to  the  consistence  of  sand.  In  this  state  much  carbonic  O0I' 
is  given  out,  and  when  the  evolution  of  this  gas  is  percci"^ 
to  be  at  an  end  the  fire  is  raised  and  the  stirring  coiitiDiK^ 
The  particles  l>egin  gradually  to  cohere  together,  or  to  ir^ 
heavy,  as  the  workmen  term  it  The  operator  now  colw* 
the  iron  into  balls,  and  raises  the  heat  to  a  welding  temped 
ture.  It  is  now  taken  out  of  the  furnace,  and  either  hammff^' 
or  rolled  into  bars ;  during  which  process  tlie  scoriff  *■* 
squeezed  out  and  the  iron  left  in  a  state  of  purity. 

The  quantity  of  coal  used  in  this  process  varies  in  dift^**^! 
places.     In  Wales  10  tons  of  coals  are  consumed  inpud^j 
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9  tons  of  metal.     The  loss  of  weiglit  sustained  by  the  iron   p«»iif  "l 

during  the  process  varies  from  8  to  10  per  cent     The  i^coriae  _- ^^ 

formed  are  black,  very  heavy,  and  sometimes  crj^stalUzed,  and 
the  shape  of  the  erysstak  m  that  of  pyroxene,  according  to 
the  determination  of  M.  Mitcherlich*  These  scoria?  are  not 
always  identiad  in  their  composition;  but  most  commonly  they 
consist  of  8 e^qui silicate  of  iion. 

5th  Process,  IVMimj.  Tlie  iron  after  being  draA^n  out  into  5,  wewinf. 
bars  after  Uic  puddling  is  called  mill^har-iron.  Its  quality  L^ 
still  so  bad  that  it  is  scarcely  fit  for  any  purpose.  To  improve 
it  the  kirs  are  heated  red  hot  and  cut  in  pieces  by  scissors. 
Four  of  these  pieces  are  placed  one  above  another  in  a  reheat* 
ing  fnrnace.  In  half  an  hour  they  begin  to  adliere.  They 
are  then  drawii  out  into  bars  by  means  of  a  cylinder.  When 
very  good  iron  is  required,  as  for  anchors,  tliis  welding  process 
h  repeated, 

Scoriie  appear  during  this  process.  They  are  lamellar  and 
steel-gray.  In  their  cavities  they  contain  crystals  of  pyroxene. 
They  consist  chiefly  of  sesqidsilicate  of  iron  with  a  little  ses- 
qulsilicjite  of  alumina. 

The  iron  made  in  Great  Britain  is  recommended  by  it* 
clieapness,  and  answers  very  well  for  most  purposes.  But  tlie 
purest  iron  Is  the  Swedish,  and  the  Russian,  known  by  the 
name  of  old  sabie.  But  iron  is  never  absolutely  free  from 
foreign  matter,  I  attempted  to  prepare  some  by  reducing 
some  pure  peroxide  of  iron,  which  I  had  prepared,  to  the  metallic 
•tttte  by  passing  a  current  of  dry  hydrogen  gas  over  it,  while 
heated  in  a  porcelain  lube.  Tlie  process  is  eaiiy ;  but  I  was 
disappointed  in  the  result.  For  I  found  that  as  soon  as  my 
pure  iron  was  exposed  to  the  air  it  took  fire  of  its  own  accord, 
and  was  converted  on  the  spot  into  red  oxide.* 

L   Iron  has  a  grayish  colour  and  the  metallic  lustre,  and,  j^JJ!*^' 
when  polished,  has  a  great  deal  of  brilliancy.     It  has  a  styptic 
taste,  and  emits  a  smell  when  rubbed. 

Its  hardness  exceeds  most  of  the  metals ;  and  it  may  be  ren- 
dered harder  than  most  bodies  when  converted  into  steel.  Its 
spi^eifie  gravity  is  7*843  by  my  trials.f 

•  From  the  observations  of  Stromeyer  it  would  appear  that  this  pro- 
perty U  owing  to  a  small  quantity  of  the  protoxide  of  iron  remaining  in  the 
mass  unreduced.  For  he  found  iron  completely  reduced  by  hydrogen  gas 
V)  not  to  hnvc  the  property  of  burning  spontaneouiily  when  exposed  to  the  air- 
Sec  Poggendorf*s  Annalen,  vi.  472, 

t  Df>  Shaw  states  the  specific  gravity  of  iron  at  7'645.  Shaw*s  Boyle,  ti. 
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<^i>^  iiL  It  is  attracted  by  the  magnet  or  loadstone,  and  is  itself  the 
substance  which  constitutes  the  loadstone.  But  when  iron  u 
perfectly  pure,  it  retains  the  magnetic  virtue  for  a  very  diort 
time. 

It  is  malleable  in  every  temperature,  and  its  malleability 
increases  in  proportion  as  the  temperature  augments;  bntit 
cannot  be  hammered  out  nearly  so  thin  as  gold  or  silver,  or 
even  copper.  Its  ductility,  however,  is  more  perfect;  fork 
may  be  drawn  out  into  wire  as  fine,  at  least,  as  a  human  hair. 
Its  tenacity  is  such,  that  an  iron  wire,  0-078  of  an  inch  in  do- 
meter,  is  capable  of  supporting  449*34  lbs.  avoirdupois  without 
breaking.*  When  iron  is  drawn  out  into  Tinre  its  strength  is 
1^  times  greater  than  that  of  hammered  iron.  Iron,  accordiif 
to  the  experiments  of  Navier,  begins  to  be  elongated,  and  to 
alter  its  shape,  when  subjected  to  a  force  amounting  to  |ds  of 
that  which  is  capable  of  breaking  it  or  bursting  itt  ^^^ 
obvious  therefore  that  iron  boilers  should  never  be  exposed  to 
so  much  as  |ds  of  the  force  which  is  capable  of  bursting  them 
When  heated  to  about  158°  Wedgewood,  as  Sir  Georp 
M*Kenzie  has  ascertained,^  it  melts.  This  temperature  beinr 
nearly  the  highest  to  which  it  can  be  raised,  it  has  beenimpo^ 
sible  to  ascertain  the  point  at  which  this  melted  metal  begitf 
to  boil  and  to  evaporate.  Iron  is  capable  of  crystallizing,  ui 
the  shape  of  the  crystiils  is  the  regular  octahedron.  Tbisate 
is  the  shape  of  the  crystals  of  magnetic  iron  ore. 

S?S^w»!  ^^'  ^  **^"  exposed  to  tlie  air,  its  surface  is  soon  tarmshed  I 
and  it  is  gradually  changed  into  a  brown  or  red  powder,  wdU  I 
known  under  the  name  of  rust.  This  chang^e  takes  place  mon? 
rapidly  if  the  atmosphere  be  moist.  It  is  occasioned  bv  thf 
gradual  combination  of  the  iron  with  the  oxygen  of  the  aiBO- 
sphere,  for  wliicli  it  has  a  strong  affinity. 

Iron  decomi)oses  water  at  the  common  temperature  of  tl? 

3+5.  Brisson  at  7  788.  Mr.  Hatchett  found  a  specimen  7*700.  1^  ^ 
Ailof/i  of  Gold,  p.  66.  Swedenburgh  states  it  at  7*817.  AcvHHtJinc"^ 
Muschenbrueck,  liamnicred  iron  softened  by  heat  is  of  the  specific  gn^ 
7-600 ;  the  same  hammered  hot,  becomes  7*7633  ;  and  the  same  \am^ 
cold,  becomes  7-876.     Wasserberg,  i.  168. 

•  Rennie,  Phil.  Trans.  1818,  p.  126.  English  iron  only  supports  a  «€£^ 
34^*38  lbs.  See  Annals  of  Philosophy,  vii.  320.  Navier  tbund  tbit  s 
iron  wire  1  miiii-metre  (0.03937  inch)  in  diameter  was  broken  bv  a  vefiC 
of  90  lbs.  avoirdupois.     Ann.  de  Chim.  et  de  Phys.  xxxiii.  22o.  ' 

t  Ann.  de  Chim.  et  de  Phys.  xxxiii.  225. 

\  Nicholson's  4to  Jour.  iv.  109. 
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air  slowly,  and  almost  imperceptibly.  But  at  a  red  heat  the 
decompmitiofi  goes  on  mth  rapidity ;  pure  hydrogen  gas  being 
evolved  in  abundance.  It  is  even  capable  of  decomposing 
potassium  when  assisted  by  a  sufficiently  high  temperature. 
When  iron  wire,  having  a  little  cotton  tied  to  its  extremity, 
is  phinged  into  oxygen  gas  while  the  cotton  h  in  flames,  it 
takes  fire  inid  burns  \iith  great  brilliancy. 

As  far  as  is  known  at  present,  iron  combines  with  only  two 
proportions  of  oxygeru  and  forms  two  oxides,  ihi^  ptfAoxult;  and 
the  peroxide.  Tlic  protoxide  has  a  dark  blue  colour;  the  per- 
oxide is  red* 

1.  The  protoxide  of  iron  is  formed  whenever  iron  is  dis- 
solved in  diluted  Hutphuric  or  muriatic  acids.  It  constitutes 
the  basis  of  green  vitriol,  and  is  easUy  thrown  <lown  from  the 
solution  of  that  salt  in  water  by  an  alkali.  It  falls  in  the  state 
of  light  green  flocks  which  gradually  collect  at  the  bottom  of 
the  vessel  and  assume  a  black  colour.  The  tendency  of  this 
oxide  to  ali^orb  oxygen  from  the  atmosphere  is  so  great  that 
it  is  out  of  our  power  to  collect  it.  And  indeed  it  was  unknown 
in  a  stitte  of  purity  till  Stromeyer  pointed  out  a  method  of 
preparing  it.  He  formed  it  by  passing  a  current  of  dry  hydro- 
gen gas  over  peroxide  of  iron  at  a  temperature  considerably 
under  that  at  which  it  would  be  reduced  to  the  metallic  state. 
Protoxide  of  iron  thus  obtfuned  has  a  deep  blackish  blue  colour, 
appearing  by  reflected  light  almost  black.  It  is  to  this  prot- 
oxide that  iron  slag  owes  its  blue  colour.  The  protoxide  of 
iron  thus  prepared  bums  with  great  splendour  whenever  it 
comes  in  contact  with  the  air,  and  is  converted  into  peroxide. 
It  cannot  therefore  be  preserved.* 

Various  attempts  have  been  made  to  determine  the  com- 
position of  this  oxide  by  analysis.  The  experiment,  however, 
b  attended  with  a  good  deal  of  difficulty  in  consequence  of  the 
great  tendency  which  protoxide  of  iron  has  to  unite  with  oxy* 
gen.     According  to  Berzelius  this  oxide  is  a  compound  of 

Iron,  ,         .         3-39*2 10 

Oxygen,        .         .  I 


Family  UL 


Fro«o&i46 


4-89213 


But  Stromeyer  has  shown  that  his  estimate  of  the  quantity 
of  oxygen  is  0*51  per  cent  too  high.     By  a  careful  analysis 


*  Poggendorfs  Annalen,  vi-  474^. 
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cha^  iiL    of  sulphate  of  iron  I  have  ascertained  that  the  atomic  weight 
of  the  protoxide  is  4*5,  and  as  it  is  obviously  a  compomid  rf 
Atomic  1  atom  iron,  .         .  3*5 

1  atom  oxygen,     .         •  1 

4-5 

it  is  evident  that  the  atomic  weight  of  iron  must  be  3*5.  Thk 
determination  is  corroborated  by  the  experiments  of  Gaf- 
Lussac,  who  found  protoxide  of  iron  a  compound  of 

Iron,  .         .  3*53 

Oxygen,      .         .  !• 


4-53» 

BiMk  oxide.  What  has  been  called  the  black  oxide  of  iron  is  a  mixtnv 
of  protoxide  and  peroxide  in  various  proportions.  The  Iimia 
would  appear  to  be  a  compound  of  1  atom  protoxide  and  S 
atoms  peroxide.  This  constitutes  wliat  Gay-Lussac  has  riered 
as  a  peculiar  oxide  of  iron.  But  that  it  is  only  a  compound  cf 
the  two  oxides  seems  evident  from  this,  that  if  we  dissolre  t 
in  sulphuric  acid  we  obtain  two  different  sulphates,  namely, 
the  protosulphate  and  persulphate,  which  are  separable  frfli 
each  other  by  alcohol.  Magnetic  iron  ore  is  a  compound  d 
this  nature.  So  is  finery  cinder^  or  the  matter  squeezed  otf 
from  iron  during  the  process  of  converting  cast  into  bar-inV' 
Such  also  Gay-Lussac  found  the  oxide  formed  when  iron  viit 
is  burnt  in  oxygen  gas ;  but  I  found  the  quantity  of  oxyg* 
which  it  contained  only  28  parts  united  to  100  of  metal.  I* 
would  appear  from  this  that  its  nature  is  not  always  the  ssud^ 
^^SSSS^^  ®'  This  compound  of  the  two  oxides  has  been  called  by  Bene- 
and  peroxide.  ]^^q  oxf/dum  ftrroso-ferricwn.  When  strongly  heated  it  mite 
and  assumes  the  metallic  lustre.  It  is  very  brittle ;  and  M 
the  experiments  of  Berthier  and  Mosander  it  appears  to  vary 
a  good  deal  in  its  composition.  Berthier  analyzed  the  scate 
that  are  formed  when  bars  of  iron  are  heated  to  whiteness  ai£ 
then  hammered  in  the  open  air,  or  what  we  call  in  this  counir 
smithy  ashes.     lie  found  them  composed  of 

2  atoms  protoxide  of  iron,  .  ^  9 

1  atom  peroxide  of  iron,  ,  ,  5 

•  <dePhjr«.1.33.  t  Ibid.  xx»B. » 
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Iron,  ....         3-5  ^^^ 

Oxygen,       .         .         •         .         1'166 
M osander  found  that  when  bars  of  iron  were  heated  and 
allowed  to  cool  in  the  open  air  the  outer  layer  of  scales  con- 
tained more  peroxide  than  the  inner  layer.     The  inner  layer, 
according  to  him,  is  a  compound  of 

3  atoms  protoxide,  .         .         13*5 

1  atom  peroxide,  .         .  5 

18-5* 
or  it  is  a  compound  of 

Iron,  ....         3*5 

Oxygen,        ....         1*125 
While  the  outermost  layer  was  a  compound  of 
1  atom  protoxide,  .         .         4*5 

1  atom  peroxide,  .         .         5 


9-5 


or  of 


Iron,  ,         .         •         .         3'5 

Oxygen,         .         .         •         .         1*25 

Besides  the  oxides  of  iron,  these  iron  scales  contain  always 

a   certain  portion  of  silica,  and  it  appears  from  Mosander's 

analyses  to  the  number  of  6  that  the  composition  of  the  scales 

themselves  is  not  uniform. 

Thus  it  appears  that  black  oxide  of  iron,  as  it  is  called,  is 
very  various  in  its  composition ;  but  that  four  definite  com- 
pounds of  protoxide  and  peroxide  have  been  obtained.  These  are, 

Protoxide.  Peroxide.  Atomic  weight 

1.  3  atoms  +  latom,  .  .  18*5 

2.  2             +1  .  .  14 
a  1             +1  .  .  9-5 
4.  1             +2  .  .  14-5 

or  we  may  represent  the  quantity  of  oxygen  united  in  each 
to  an  atom  of  iron  as  follows : 

Atom. 

1st,  composed  of  3*5  iron   +  !•  125.  oxygen  or  1^ 
2d,  of  3-5  +  1-166  or  1^ 

3d,  of  3-5  +  1.25  or  l| 

4th,  of  3-5  +1-33  or  li 

These  have  been  converted  by  the  French  chemists  into 

•  Kongl.  Vetens.  Acad.  Handl.,  1825,  p.  209. 


492 


SIMPLE  ALKALIFIABLE  BASES. 


Chloride: 
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ride. 


ciuv^iiL  ment  of  the  surfeice  of  the  iron.  Whether  the  changes 
owing  to  alterations  in  the  thickness  of  the  coat  of  oxide 
to  the  formation  of  various  proportions  of  the  two  oxidei 
have  no  data  to  determine. 

III.  Chlorine  like  oxygen  unites  to  iron  in  two  pnp 
tions,  and  forms  a  chloride  and  a  sesquichloride^ 

1.  The  protochloride  maybe  formed  by  dissolving iroi: 
muriatic  acid,  evaporating  the  solution  to  dryness^  and  ezpoa 
the  dry  mass  to  a  red  heat  in  such  a  manner  as  to  ezdiuletk 
action  of  air  on  it  It  has  a  gpray  but  variegated  colour,  vi 
metallic  splendour.  Its  texture  is  lamellated.  When  hate 
to  redness  it  melts,  but  is  not  volatilized.  It  is  impeiftdt; 
soluble  in  water,  and  the  solution  yields  crystals  of  gicfl 
muriate  of  iron.  It  was  first  described  by  Dr.  John  Dvy, 
who  found  its  constituents  4-5  chlorine  and  3*9  iron.  Hiereci 
be  no  doubt  that  it  is  a  compound  of 

1  atom  chlorine         •  .  4-5 

1  atom  iron  .  •  3-5 


Seiqulchlo. 
ride 


8 
and  that  its  atomic  weight  is  8. 

2.  Tlie  sesquichloride  of  iron  was  first  described  by  Sr& 
Davy,*  and  afterwards  more  particularly  examined  by  I^ 
John  Davy.t     It  may  be  obtained  by  burning  iron  wiw  b 
chlorine  gas,  or  by  evaporating  the  red  muriate  of  iron  toij- 
ness,  and  heating  it  in  a  tube  with  a  narrow  orifice.    It  k 
substance  of  a  bright  brown  colour,  with  a  lustre  approacLft' 
that  of  iron  ore  from  tlie  isle  of  Elba,      It  is  volatilized  If' 
moderate  heat,  and  forms  minute  brilliant  crystals,  the  >bp 
of  which  has  not  been  determined.     It  dissolves  complete!}^ 
water,    and    the   solution   constitutes    red    muriate    of  i* 
According  to  the  analysis  of  Dr.  Davy,  it  is  composed  of  6*^ 
chlorine  and  3*65  of  iron.     Now  6'75  represents  1 
chlorine.     It  is  obvious  therefore  that  it  is  a  compound  of 
1^  atom  chlorine         .  .  6-75 

1    atom  iron  •  .  3*5 


Bromide. 


10-25 

and  that  its  atomic  weight  is  10*25. 

IV.  Doubtless  bromine  will  be  found  capiable  of  comhi 
with  iron  in  two  proportions  as  well  as  oxygen  and 


*  Phil.  Trans.  1811,  p.  «3. 


t  Ibid.  1S12,  p.  16^ 
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But  it  is  mixed  also  not  unfrequently  with  a  quantity  of  pro-   i^*°^'f  Ht 
tocarbonate  of  iron,  or  of  carbonic  acid  united  lo  protoxide  of . 
iron ;  for  carbonic  acid  does  not  seem  capable  of  uniting  w^th 
the  peroxide  of  this  metal. 

Both  of  tiie  oxides  of  iron  possess  the  characters  of  alkaline 
bases,  and  unite  to  acids  constituting'  salts. 

Cutting  instruments  of  steel,  after  being  finished,  are  hard-  ,^^p*^^ 
ened  by  heatiui^  tlieni  to  a  cherry  red*  and  then  plunging  them 
into  a  cold  liquid.  After  this  hardening,  it  is  absolutely  neces- 
sary to  soften  them  a  little,  or  to  temper  them  £is  it  is  called, 
in  order  to  obtain  a  fine  and  dund>le  edge.  This  is  done  by 
heating  them  till  some  particular  colour  appear  on  their  sur- 
face. The  usual  way  is  to  keej)  them  in  oil,  heated  to  a  par- 
ticular temperature,  till  the  requisite  colours  appear-  Now 
these  colours  follow  one  anotfier  in  regular  succession  accord- 
ing to  the  temperature*  Between  4*30°  and  450''j  the  instru- 
ment assumes  a  very  pale  yellowish  tinge;  at460'^,  the  colour 
is  a  straw  yellow,  and  the  instrument  has  the  usual  temper  of 
pen-knives,  razors,  and  other  fine  edge  tools.  The  colour 
gradually  deepens  as  the  temperature  rises  higher,  and  at  50 0** 
becomes  a  bright  brownisli  metallic  yellow.  As  the  heat 
increases,  the  surface  is  successively  yellow,  brown,  red,  and 
puqJe,  to  b^^}"^^  when  it  becomes  of  a  uniform  deep  blue,  like 
that  of  watch-springs.*  The  blue  gnidually  weakens  to  a 
water  colour,  which  is  the  last  shade  dLstinguLshable  before  the 
instrument  becomes  red  hot.f  That  tla'se  different  sliades  of 
colour  are  owing  to  the  oxidizement  of  the  surface  becomes 
evident  from  a  mode  of  ornamenting  sword-bladeSj  knives,  &c. 
long  practised  in  Sheffield.  Flowers,  and  various  other  orna- 
ments, are  painted  on  the  blade  with  an  oily  composition.  It 
is  then  subjected  to  the  requisite  heat  for  tempering  it,  Tlie 
colour  of  the  blade  is  altered  in  every  part  except  w^here  it  is 
covered  with  tlie  paint.  When  the  paint  is  taketj  off  the 
ornaments  appear  of  tlie  natural  colour  of  ptvlished  steely  and 
of  course  are  easily  distinguishable.  Sir  IL  Davy,  in  conse- 
quence of  a  letter  from  Mr.  Stoddart,  found  that  when  steel 
is  heated  in  hydrc^gen  gas  it  does  not  change  its  cidour  as  it 
does  when  tempered  in  tlie  usual  way, J  From  these  facts  it 
is  obvious  tliat  tlie  changes  of  colour  are  owing  to  tlie  oxidize- 


•  See  the  curious  experiments  of  Mr.  Htoddart,  as  related  by  Mr.  Nichol- 

Nicholson*s  4to  Joar.  iv.  120. 
f  Lewis,  Newman*s  Chem.  p^  79»         \  AraiaU  of  Philoaophy,  i.  131* 
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III. 


Chloride: 
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ment  of  the  surface  of  the  iron.  Whether  the 
owing  to  alterations  in  the  thickness  of  the  coat  of  oade 
to  the  formation  of  various  proportions  of  the  two  ozideii 
have  no  data  to  determine. 

III.  Chlorine  like  oxygen  unites  to  iron  in  two  pnpi 
tions,  and  forms  a  chloride  and  a  aesquichioride. 

1.  The  protochloride  may  be  formed  by  dissolving  iniii 
muriatic  acid,  evaporating  the  solution  to  dryness,  and  ezpon 
the  dry  mass  to  a  red  heat  in  such  a  manner  as  to  ezdndelki 
action  of  air  on  it.  It  has  a  gpray  but  variegated  colour,  aiJi 
metallic  splendour.  Its  texture  is  lamellated.  WlienbctM 
to  redness  it  melts,  but  is  not  volatilized.  It  is  imperfecii; 
soluble  in  water,  and  the  solution  yields  crystals  of  grtt 
muriate  of  iron.  It  was  first  described  by  Dr.  John  Ykn- 
who  found  its  constituents  4*5  chlorine  and  3*9  iron.  Hiereci 
be  no  doubt  that  it  is  a  compound  of 

1  atom  chlorine         .  .  4*5 

1  atom  iron  .  •  3*5 


SeiqulchloL 
ride. 


Bromide. 


8 
and  that  its  atomic  weight  is  8. 

2.  Tlie  sesquichloride  of  iron  was  first  described  by  Sri 
Davy,*  and  afterwards  more  particularly  examined  by  Ik 
John  Da\7^.t     It  may  be  obtained  by  burning  iron  wiie  5 
chlorine  gas,  or  by  evaporating  the  red  muriate  of  iron  to  dry- 
ness, and  heating  it  m  a  tube  with  a  narrow  orifice.    It  5^ 
substance  of  a  bright  brown  colour,  with  a  lustre  approaifc 
that  of  iron  ore  from  tlie  isle  of  Elba.      It  is  volatilized  )iy 
moderate  Jieat,  and  forms  minute  brilliant  crystals,  the  i? 
of  wliich  has  not  been  determined.     It  dissolves  complete!)' 
water,    and   the   solution   constitutes    red    muriate    of  i^ 
According  to  the  analysis  of  Dr.  Davy,  it  is  composed  of  ^' 
chlorine  and  3'65  of  iron.     Now  6*75  represents  \\^ 
chlorine.     It  is  obvious  therefore  that  it  is  a  compound  of 
H  atom  chlorine         .  .  6*75 

1     atom  iron  .  .  3.5 

10-25 

and  that  its  atomic  weight  is  10*25. 

IV.  Doubtless  bromine  will  be  found  capable  of  wmho^ 
with  iron  in  two  proportions  as  well  as  oxygen  and  chbR 


*  Phil.  TranH.  1811,  p.  23. 


t  Ibid.  1612,  p.  1 


But  liidierto  only  one  of  these  compounds  has  been  examined. 
When  iron  wire  is  heated  to  reciness  in  a  glass  tube,  and  dry 
bromine  vapour  passed  over  it,  the  wire  becomes  incandescent, 
and  fuses  without  the  disengagement  of  any  gits.  Tlie  bro- 
mide thiLs  formed  has  a  yellow  colour,  anda  lameller  structure. 
It  difisolves  readily  in  water  \nthout  communicating  colour  to 
that  liquid,  imd  the  solution  is  precipitated  light  yellow  by 
nitrate  of  silver.  This  bromide  is  composed  of 
1  atom  bromine         •         .  10 

1  atom  iron  .         .  3*5 


Tamil jT  HI  ■ 
Sect,  I. 


w 


13-5 


and  its  atomic  weight  is  13-5.* 

V.  We  are  acquainted  at  present  with  only  one  iodide  of 
this  metal*  It  vrim  first  mentioned  by  Sir  H.  Davy,  and  after- 
wards was  more  minutely  described  l>y  Gay-Lussac.     It  may 

I  bo  formed  by  heating  iron  in  contact  with  vapour  of  iodine. 
It  is  a  brown  substance  which  fuses  at  a  red  heat.  It  dissolves 
in  uniter  and  forms  a  light  green  solution  consisting  \^4thout 

'  doubt  of  hydriodate  of  iron.  It  has  not  been  analyzed.  But 
it  h  probably  composed  of  one  atom  iodine  nnited  to  one  atom 
iron,  or  by  weight  of 

h  Iodine  .  .  15-75 

^^  Iron  3*5 

VI. 


Iodl4«. 


19-t>5 


VL  We  do  not  know  any  compound  which  iron  is  capable 
of  forming  \i'ith  hydrogenf  or  azote. 

VII.  It  combines  with  earlwn,  and  forms  the  very  important 
compounds  known  by  the  names  of  cast-irmi  and  steei  ;  of  both 
of  which  there  are  several  modifications. 

There  are  three  varieties  of  ca**t-iron  conmionly  distinguished 
in  commerce  ;  namely,  h/ack  vaat-inm  usually  called  No.  1, 
moitied  rant-iron  allied  No,  2,  and  white  cast-iron. 

I.  Black  cant-iron  is  the  softest  of  the  three.  Its  specific  gra- 
vity, acci»rding  to  my  trmls.  varies  from  (>'9010!2  to(v806.  It 
18  imperfectly  malleable  and  admits  of  being  easily  turned  on 
the  hithe  and  filed  *lown.  It  melt^  at  a  comparatively  low  heat. 
Its  texture  is  granular.      It  is  much  used  in  tliis  country  for  a 

•  Aon.  de  Chinu  et  de  Phys.  xxxiVu  331, 

I  In  piige  160  of  this  volume  I  have  given  my  reasons  for  l>elitnm^^  that 
iron  and  hydrogen  are  capable  of  combining  at  a  ciTtniii  temperature.  But 
nothing  U  known  respecting  the  nature  of  the  compound  formed. 


C<ubunt4, 


iron. 
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.III.   great  variety  of  purposes,  admitting  of  being  easily  cast  into 
~"      all  the  variety  of  shape  which  is  wanted. 

g^*»*-  2.  Gray  or  mottled  cast-iron  is  so  called  from  the  inequality 
of  its  colour.  Its  specific  gravity,  by  my  trials,  is  7'0683.  It 
is  harder  than  the  black  variety,  but  soft  enough  to  be  cat, 
bored,  and  turned  on  the  lathe.  It  is  also  much  used  in  this 
country.  For  many  purposes  it  is  found  expedient  to  mix 
No.  1  and  No.  2,  and  fuse  them  together.  Artillery  is  usually 
made  of  mottled  cast-iron. 

White  cart-  3^  White  cast-irou  has  a  white  colour  like  silver.  Its  tex- 
ture is  fibrous  or  crystalline,  and  its  specific  gravity  7'6849.* 
It  is  so  extremely  hard  that  it  can  neither  be  filed,  bored,  nor 
bent,  and  it  is  very  apt  to  break  when  suddenly  heated  or 
cooled.  It  has  not  been  applied  to  any  useful  purpose ;  but  is 
always  formed  when  cast-iron  is  converted  into  bar-iron. 

I  made  several  attempts  to  analyze  white  cast-iron,  by  treat- 
ing it  with  dilute  nitric  acid  without  heat.  The  residue  not 
acted  on  by  the  acid  was  a  brown  powder  possessing  consider- 
able lustre.  When  heated  to  420®  it  took  fire  and  burnt  with 
considerable  lustre,  leaving  a  red  powder,  which  by  repeated 
digestions  in  acids,  and  finally  by  fusing  it  with  nitre,  I 
reduced  to  peroxide  of  iron  and  silica.  The  mean  of  several 
analyses  made  in  this  way  (but  not  exactly  agreeing  with  each 
other)  gave  the  composition  of  the  iron 

Iron,  .         .  95 

Carbon,  .         .  5 

100 
I  reckon  along  with  the  carbon  a  little  silicon,  which  varied  so 
much  in  quantity  in  different  experiments,  that  I  could  only 
consider  it  as  accidental.     Now  this  approaches  very  near 

compoiitioD.  4  atoms  iron,  .         .         14 

1  atom  carbon,         .         .  0«75 


14-75 


I  am  disposed,  therefore,  to  consider  white  cast-iron  as  essen- 
tially a  compound  of  4  atoms  iron  and  1  atom  carbon,  and  in 
that  case  its  atomic  weight  will  be  14'75. 

My  experiments  on  black  cast-iron  were  not  so  successful; 
but  they  led  to  the  conclusion  that  it  was  a  compound  of 

•  The  spedmen  was  from  Danemora. 
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I  am  therefore  disposed  to  consider  black  cast-iron  as  a  com- 
pmund  of  t3  atoms  iron  and  1  atom  carbon.  And  if  so  its 
atomic  weight  will  be  11 '25. 

Bat  besides  iron  and  carbon,  cast-iron  h  never  quite  free 
from  some  silicon  ;  it  frequently  contains  also  a  trace  of  mag- 
nesium, ami  not  rarely  a  little  manjgpcinese  ;  though  all  these 
coast itnents  arc  so  variable  in  point  of  quantity,  that  nothing 
can  be  asserted  respecting  them,  I  made  no  attempt  to 
analyze  mottled  c;ist-iron,  not  ha\'ing  been  able  to  procure 
specimens  of  a  sufficiently  decided  nature  to  warrant  the  con- 
sidering of  them  as  speciHntlly  distinct  from  black  cast-iron. 
It  is  possible  that  mottled  cast-iron  may  be  a  compound  of 
3|  atoms  iron  .         ,         12*25 

1     atom  carbon         *         .  0*75 


13 


This  would  make  it  intermediate  between  black  and  white  cast- 
iron. 

Steel  is  a  compound  of  iron  of  the  utmost  consequence; 

because  it  Is  from  it  alone  that  all  the  numerous  cutting  instru- 
ments of  so  much  importonce  to  mankind  are  made,  iron  itself 
being'  too  soft  for  this  purpose.  The  discovery  of  steel  is  of 
so  ancient  a  date  tliat  it  precedes  the  origin  of  authentic  history. 
The  Greeks  distinguished  steel  liy  tlie  name  of  <j7o(<Aw,ua,  and  by 
the  RomaiLs  it  wfis  called  acies,  Pliny  iu**>nns  us  tliat  in  his 
time  the  best  steel  came  from  China,  and  the  next  best  from 
Parthia.  A  manufacture  of  steel  seems  to  have  existed  in 
Sweden  as  early  as  the  year  1340,  It  is  the  general  opinion 
that  the  process  for  convertiug  iron  into  steel  caUed  cemeuta^ 
turn  originated  in  England ;  but  I  am  unacquainted  with  the 
history  of  the  process. 

Every  kind  of  iron  is  not  fit  for  being  converted  into  steel. 
British  iron  does  not  answer  at  all.  When  it  is  to  be  made 
into  steel  it  is  necessary  to  leave  a  portion  of  the  bar  in   the 
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State  of  iron,  otherwise  it  would  fly  in  pieces  when  we  attompt 
to  draw  it  out  into  bars.  The  iron  which  answers  best  ftr 
being  converted  into  steel  is  the  iron  made  at  Danemon  b 
Sweden  from  a  magnetic  iron  ore.  The  whole  of  the  prodsee 
of  the  Danemora  mines,  amounting  to  about  8000  tonsi  b 
imported  into  Britain,  and  converted  into  steel.  There  is  al» 
one  Russian  forge  which  yields  an  iron  which  makes  rerygo* 
steel.  This  iron  is  known  by  the  name  of  old  sabie.  The  i 
from  all  tlic  other  Russian  forges  is  unfit  for  steel  making. 

The  furnace  in  which  iron  is  converted  into  steel  bis  tk 
form  of  a  large  oven  or  arch  terminating  in  a  vent  at  the  if 
The  floor  of  this  oven  is  flat  and  level.  Immediately  nnderi 
there  is  a  large  arched  flre-place  with  grates,  which  mns  qui 
across  from  one  side  to  the  other,  so  as  to  have  two  doon  k 
putting  in  the  fiiel,  from  the  outside  of  the  building.  A  nos- 
ber  of  vents  or  flues  pass  from  the  fire-place  to  different  prt 
of  the  floor  of  tlie  oven,  and  throw  up  their  flame  into  it,»» 
to  heat  all  parts  of  it  equally.  In  the  oven  itself  there  are  tfi 
large  and  long  cases  or  boxes,  built  of  good  fire  stone,  and  i 
these  boxes  the  bars  of  iron  are  regularly  stratified  irith  cto- 
coal  powder,  ten  or  twelve  tons  of  iron  being  put  in  at  «* 
and  the  box  is  covered  on  the  top  with  a  bed  of  sand.  Tk 
heat  is  ke])t  up,  so  that  the  boxes  and  all  their  contents  ft 
red-hot  for  eight  or  ten  days.  A  bar  is  then  dra\i^  out  andeni- 
ined,  and  if  it  be  found  suflSciently  converted  into  steel, » 
fire  is  drawn,  and  the  oven  allowed  to  cool.  This  procesi 
called  cementjition. 

The  bars  of  steel  formed  in  this  way  are  raised  in  nttf 
parts  into  small  blisters,  obviously  by  a  gas  evolved  in  i 
interior  of  the  bar,  which  had  pushed  up  by  its  elasticitjifc^ 
of  the  metil.  On  this  account  the  steel  made  by  this  prw* 
is  usimlly  ad  led  blistered  steel. 

The  bars  of  blistered  steel  are  heated  to  redness  and  dn*"^ 
out  into  smaller  bars  by  means  of  a  hammer  driven  bymf 
or  steam,  and  striking  with  great  rapidity.  This  hamm*' 
called  a  tilting  hammer,  on  which  account  the  small  bare  fons^ 
by  it  are  called  tilted  steel.  When  the  bars  are  broken  x 
pieces  and  welded  repeatedly,  and  then  drawn  out  into  i* 
they  get  the  name  of  German  or  shear  steel. 

Steel  of  cementation,  however  carefully  made,  is  never  (p^ 
equable  in  its  texture.  But  it  is  rendered  quite  so  l>y  fe* 
it  in  a  crucible,  and  then  casting  it  into  bars.  Thus  tr«?'j 
it  IS  called  cast-steely  and  sells  at  a  much  higlier  price  i* 


common  steel.     The  process  was  contrived  by  Mr,  Hdntsman   F««»tiy  »"■ 

of  Sheffield,  about  the  year  1750,      It  was  kept  for  some  time 

as  a  secret;  but  for  many  years  has  been  generally  known  in 
tliii*  coLuitry,  When  steel  Is  to  be  casfy  it  is  made  by  eement- 
ation  in  the  iLsnal  way,  only  the  process  is  carried  somewhat 
farther,  so  as  to  ^ive  the  steel  a  whiter  colour*  It  is  then 
broken  into  small  pieces,  and  put  into  a  crucible  of  excellent 
fire  clay^  after  which  the  mouth  of  the  crucible  i*  fiUed  up 
with  vitrifiable  sand,  to  prevent  the  steel  from  beiuj^  oxidized 
by  the  action  of  the  air.  The  crucible  is  exposed  for  5  or  6 
hours  to  the  most  intense  heat  that  can  be  raised ;  by  which 
the  steel  Ls  broug'ht  into  a  state  of  perfect  fusion.  It  is  then 
cast  into  pamllelopipeds  about  a  foot  and  a  half  in  length.  To 
fuse  one  ton  of  steel  about  20  tons  of  coals  are  expended. 
This  accounts  for  the  high  price  of  cast-steel  when  compared 
\iith  that  of  iron,  or  even  of  common  steel.  Every  time  that 
castrated  is  melted  it  loses  some  of  its  characteristic  properties, 
and  t\^^o  or  three  fusions  render  it  quite  useless  for  the  purposes 
for  which  it  is  intended,* 

The  specific  gravity  of  good  blistered  steel  1  found  to  be  JtJ^T'**""'^ 
7*823.  When  this  steel  was  heated  to  redness,  and  suddenly 
plunged  into  cold  water,  its  specific  gravity  was  reduced  to 
7'747.  The  specific  gravity  of  a  piece  of  cttst-steel  while  soft 
was  found  to  be  7*82*27  ;  but  when  hardened  by  heating  it  red- 
hot  and  plunging  it  into  cold  water^  the  specific  gnivity  was 
reduced  to  7-7532,  We  see  from  this,  that  when  steel  is 
hardened  its  bulk  is  increased.  Doubtless  the  voliane  which  it 
acquired  by  lieating  it  to  redness  is  retained,  the  cold  water 
Bolidifying  the  surface  before  the  mass  has  had  time  to  contract, 
"  The  colour  of  steel  is  whiter  than  that  of  iron.  Its  texture 
i«  g^ranular  and  not  hackly  like  that  of  iron.  The  fracture  is 
whitish-gray^  and  much  smoother  than  the  fracture  of  iron.  It 
is  much  harder  and  rigid  than  iron,  nor  can  it  be  so  much 
softened  by  beat  without  losing  its  tenacity  and  flying  in  pieces 

*  M.  Breant  has  shown  ihat  the  steel  of  which  the  Damascus  blades  were 
xDmditf  and  which  was  steel  froiu  (rolconda^oweil  the  peculiarity  which  these 
blades  have  of  showing  a  ciirioufi  waving  texture  on  the  suHace,  when 
treated  with  a  dilute  acid,  to  their  consisting  of  two  tlifferent  compounds 
of  iron  and  carbon  which  have  separated  during  the  cooling*  It  is  cast-steel 
in  which  the  process  is  carried  farther  than  usual,  and  which  is  cooled  slowly. 
Both  common  steel  and  cast-iron  are  formed,  which  separate  during  the 
slow  cooUng.  The  steel  is  rendered  black  by  the  acid,  while  the  cast-iron 
remains  while.  Thb  kind  of  steel  CMi  ojily  be  hammered  at  a  heat  abovo 
that  of  cherry  red.     Ann.  de  Chim.  et  de  Phys*  xxh\  388. 
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ch«p.iii;    under  the  Iitimnier,    It  requires  more  attention  to  forg€  it  well 
"         '~~  than  to  forge  iron.    Yet  it  is  by  ite  toug^faness  and  capability  rf 
beitif^  drawn  out  into  bars  tliat  good  steel  is  distiagfukhed frm 
bad.     Steel  b  more  readily  broken  by  bending  it  than  iiOb 
If  it  be  heated  to  redness  aiid  tlien  plungetl  into  cold  wil<T  it 
becomes  exceedingly  hard,  so  as  to  be  able  to  cut  or  make  m 
impression  on  most  other  bodies.     But  when   iron  is  trald 
in  the  siuiie  way  iu  hiu-dness  is  not  in  the   least  inc 
When  a  drop  of  nitric  aeid  is  let  fall  upon  a  smooth  suHactrf 
steel  and  allowed  to  remain  on  it  for  a  few  minutes,  and  da 
washed  off  with  water,  it  leaves  a  black  spot :  whereas  the  i|Ht 
formed  by  nitric  acid  on  iron  h  whitish-green*     Steel  b  m 
so  easily  converted  into  a  magnet-as  iron  ;   but  when  once  c*' 
verted  it  retains  the  magnetic  virtue ;  ^^hereas  iron  lo^e*  t 
immediiitely  when  the  exciting  cause  is   witlidrawn*     Str^ 
possesses  great  elasticity,  and  from  Mr,  Tredgold*s  experima* 
it  appears  that  the  elastic  force  is  sensibly   the  same  in  i^ 
states  of  temper.* 

The  first  attempt  to  investigate  the  nature  of  *teel  ir»^  [ 
Reaunmr  in  a  book  which  he  published  in  17'22»  entilled  !»:■ 
de  convvrhr  h  fer  forge  en  aclery  el  Vart  d*€uiouc9r  fc^^  I 
mt  dejairc  des  ouvrages  defer  fondu  auj(^Jitt€M  r/ue  defer  fiff  [ 
He  considers  steel  as  iron   impregnated  with  sulpharrau»^ 
saline  matters.    The  effiaicy  of  charcoal  in  con vercing  iron ' 
steel  was  knowiu  and  as  it  was  at  that  time  the  general  ofi'' I 
that  charcoal  consisted  idmost  entirely  of  phlogiston,  theiftW-l 
ence  drawn  was  tliat  steel  differed  from  iron  in  contaiuioJ  J 
greater  quantity  of  phlogiston.    This  opinion  continued  uif^j 
vail  till  Bergman  in  1781  published  hiii  celebrated  experiflR'^ 
on  iron.      He  showed  that  when  a  given  weight  of  i 
was  dissolved  in  dilate  sulphuric  acid  the  hycbogen  gai« 
varied  from  38  to  40  volumes;  that  from   the  sanve  w<^| 
of  steel  varied  from  45  to  48  volumes ;   while  that 
same  weight  of  hammered  iron  varied  from  48  to  50 
Now  when  Bergman  wrote,  the  hydrogen  gafi  given  twt^ 
conceived  to  be  the  phlogiston  of  the  metaL      Hence  i^^ 
inferred  from  these  experiments,  that  pure   iron  conlii»" 
most  phlogiston,  inid  cast-iron  the  least.   Thus  Bei^man**^ 
riments  reversed  the  common  opinion. 

When  these  different  kinds  of  iron  were  dissoh'ed  is ^ 
sulphuric  acid  there  always  remained  a  quantity  of  to 
matter,  which  Bergman  called  plumbago^  and  which  < 
•  Phil.  Trant^.  1624pp.  354. 
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chiefly  of  carlwn,  ainl  wlieii  this  plumbago  was  burnt  away  a 
little  Allien  always  remained,  100  parts  of  cast-iron  yielded  _ 
from  I  to  ;>*J  of  this  plumbago ;  100  parts  of  steel  from  0**2  to 
0'8t  ami  100  ptirts  of  Lammered  iron  finom  0*05  to  0*2,  Hence 
it  was  concluded  that  carbon  enters  as  a  constituent  into  east- 
iron  and  steel,  but  not  into  baramered  iron. 

In  1786  an  elul>onite  dissertation  on  the  same  subject  by 
Moii^e,  Bertbollet,  and  Vandennonde,  appeared  in  tlie  Memoirs 
of  the  French  Academy.  They  examined  the  experiments  of 
Bergntan  and  Jidiled  a  considerable  number  of  their  own,  and 
drew  as  a  final  conclusion  that  hammered  iron  (if  pure)  consist.s 
of  iron  free  from  all  heterogeneous  matter.  That  steel  is  a  com- 
bination of  iron  and  carbon,  and  cast-iron  a  combination  of  iron 
with  a  still  ^eater  quantity  of  airbon  and  not  free  from  oxygen. 
These  opinions  (with  the  exception  of  the  oxygen  in  cast-iron) 
have  been  acceded  to  by  succeeding  chemists,  I  have  stated 
above  what  I  consider  as  the  composition  of  cast-iron.  And  I 
shall  now  state  the  experiments  which  I  made  on  cast-steeL 

I  attempted  to  analyze  specimens  of  cast-steel  furnished  me  i 
for  t!ie  purpose  by  Mr,  Buttray?  an  excellent  steel-maker  io 
the  neighbourlioo^l  of  Gla^ngow,  and  the  general  result  of  my 
trials  gave  me  the  constituents  as  follows  : 

Iron  .         ,         99 

Carbon  witli  some  silicon         .        .  1 


Now  this  approaches 

k20  atoms  iron 
I  atom  carbon 


too 

70 

0-75 


70-75 


I  am  therefore  dispos^  to  consider  this  as  likely  to  be  die  con- 
stitution of  c«tst-8teeb 

I  made  no  attempts  to  determine  the  constitution  of  blistered 
steel :  probably  the  proportion  of  carbon  in  it  is  rather  less. 
If  we  could  draw  any  conclusion  from  the  analyses  of  several 
kinds  of  steel  published  by  Vautjuelin  in  1 797,  its  composition 
ia  neiirly  the  same  as  I  found  in  cast-steel  He  obtained  (stat- 
ing the  maximum)  from  100  parts  of  die  steel 

H     Iro»^         •         *         97*597  Carbon 

^P    Silica  .  0*315  Phospliorus 

U    Now  if  we  convert  the  silica  into  silicon,  and  add  it  to  the  ear- 

m 
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bon,  and  consider  the  phosphorus  as  an  acMndental  ingredieiit, 
the  carbon  will  amount  to  nearly  1  per  cent,,  the  same  as  I 

obtained  from  ca^it^steeL 

It  is  a  very  desirable  thing  to  combine  the  extreme  bardofS 
of  steel  with  the  toughness  and  tenacity  of  iron,  Tliis  is  done 
by  welding  them  together.  It  is  in  this  w^y  that  edge^40ob 
are  made.  A  bit  of  steel  is  welded  to  the  iron  on  that  side  oi 
the  plate  or  bar  which  is  to  be  worked  into  an  edge. 

There  Is  another  way  which  is  peculiarly  serviceable  « 
particular  occasions.  The  surface  of  a  piece  of  iron  is  cn§« 
verted  into  steel  by  cementation,  and  the  process  ig  €iUmd 
before  the  c*arbon  penetrate  so  far  as  to  convert  the  whole  piect 
into  steel.  This  is  aiUed  Cdse-hardening,  The  piece  of  wtdt 
when  nearly  finished  is  covered  witli  a  paste  made  of  camboi- 
tible  matters.  Certain  animal  substances,  as  horns  and  haJk 
chopped  hair,  bone  shavings,  8ic,  are  made  up  into  a 
The  iron  is  covered  with  it  and  the  whole  wrapt  up  in  Ap 
Tliis  is  first  dried  and  hardened  before  the  fire  and  theoi 
into  a  forge,  and  kept  in  a  low  red-heat  for  an  hour  or  tti^l 
When  taken  out  the  surface  is  converted  into  steel.  In  tUlJ 
way  almost  all  the  parts  of  gun-locks  are  treated.  Besides  I 
superficial  hardness  that  they  acquire,  it  is  well  known  ttl 
they  have  incomparably  less  friction  than  while  in  the  ht^i\ 
iron,  and  they  are  much  less  liable  to  rust. 

From  the  preceding  detiiil,  it  is  ob^'ious  that  iron  and  carf<«  I 
arc  capable  of  combining  together  in  a  variety  of  different  pr*- 
portions.    When  the  carbon  exceeds,  the  eotnpound  is  carborf* 
of  iron.      When  the  iron  exceeds,  the  compound  is  st^U  I 
cast-iron  in  varioiLs  states,  according  to    the   proportion,    ^ 
these  compounds  may  be  considered  as   subcarlfurets  of  if^^  [ 
The  most  complete  detail  of  experiments  on  these  varioiLHCCC  ) 
pounds  wliich  luis  appeared  in  this  country  are   those  of -^^ 
Mushet,  ])ublished  in  die  Philosophical  Magazine,    This  utT 
nious  practical  chemist  has  observed,  that  the  hardness  0/  b^ 
increases  with  t!»e  proportion  of  charcoal  with  which  it  ^ 
bines,  till  the  carbon  amounts  to  about  ^*^  of  the  whole  bd^ 
The  hardness  is  then  a  maxijnum;  the  metaJ  accjuires  tbecoli^-' 
of  rilver,  loses  its  granuhited  appearance,  and  assomeii  a  en* 
tallized  form.     If  more  carbon  be  added  to  the  compound  ^ 
hardness  diminishes  in  proportion  to  its  quantity.* 

The  following  table,  by  the  same  ingenious  chemist  exltf^ 
the  proportion  of  charcoal  whicli  disappear€^d  during  the  <* 
«  Phil.  Mag.  xui.  I3a 
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version  of  iron  to  the  different  varieties  of  subcarburet  known  ^*«'"»  '"■ 
111  commerce.*  . 


Soft  cast-steel 

Common  cast-steel 

The  same,  but  liarder 

The  same,  tt>o  hard  for  drawing 

White  cast-iron 

Mottled  cast-iron 

Black  <^^t-iron. 


VI II.  From  the  experiments  of  Descotilsf  and  GmelijiJ  we 
leani^  that  iron  h  capable  of  combining  widi  Imron.  The  borU" 
ret  was  formed  by  fuHirig  a  mixture  of  iron  filings  and  boracic 
acid  in  a  covered  cmcible.  It  constituted  a  ductile  mass  of  a 
silver  white  colour.  But  Arfvedson  could  not  succeed  in  form- 
ing this  compound, 

IX.  From  the  experiments  of  BerzeUus  and  Stxomeyer,  it 
appears  that  silicon  may  be  combined  with  iron.  It  is  even 
prolMible,  from  Berzelius'  obser^-ations,  that  sionie  kinds  of  iron 
may  owe  their  peculiar  qiiidities  to  the  silicon  which  they  con- 
tain. Silicet  of  iron  Ls  of  a  silver  white  colour  and  ductile.  It 
requires  heat  before  it  dissolves  in  sulpliurie  acid.  When  dis- 
solved in  acids  it  leaves  a  quantity  of  silicji,  constituting  a  por- 
ous mass  of  the  size  of  the  silicet  dissolved.  Nothing  is  known 
respecting  the  proportions  of  iron  and  silicon,  capable  of  uniting. 

X.  Iron  comhiites  with  ])hosphonis  in  various  proportions. 

1.  A  pliosphuret  of  iron  may  be  formed  by  fusing  in  a  cru- 
cible 16  partj§  of  phosphoric  gkiss,  16  parts  of  iron,  and  half  a 
part  of  charcoal  |iowder.  It  is  magnetic,  very  brittle,  and 
appears  white  when  liroken.  When  exposed  to  a  strong  Iieat, 
it  melts,  and  the  phosphorus  is  dissipated. J  It  may  be  formed 
also  by  melting  togetlier  equal  parts  of  phosphoric  glass  and 
iron  filings.  Part  of  the  iron  combines  with  the  oxygen  of  the 
phosplioric  glass,  and  is  vitrified  ;  the  rest  forms  the  j>liosphuret, 
which  sinks  to  the  bottom  of  tlie  crucible.  It  may  be  formed 
also  by  dropping  small  bits  of  phosphorus  into  iron  filings  heated 
red-hot.  II  The  proportions  of  the  ingredients  of  this  phosphuret 
have  not  yet  been  determined ;  but  from  some  trials  which  I 
made  I  conclude  that  the  phosphuret  made  by  Pelletier's  pro- 
fess is  a  diphosphuret  composed  of 

•  Phil*  Mag.  xiiL  p.  148.  f  Hecherches  Physico-chiaiiques»  i.  306- 
I  Sctiwetgger's  JoumaJ,  x?,  246.  §  Pelletier,  Ana*  de  Chim,  i.  105. 
I  Ibid.  xtii.  ]l3w 
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This  at  least  seems  to  be  the  composirion  of  the  pho§plk 
discovered  by  Bergman,  and  ealled  by  him  »iderum. 

There  is  a  partieidar  kind  of  iron  known    by  the  nam^  of 
cold  short  inmj  because  it  is  brittle  when  cold,  though  it  be 
malleable  when  hot.     Bergman*  was  employed  at  Upsala  b 
examining  the  cause  of  this  property,  while  Meyerf  i^-as  octu- 
pied  at  Stetin  with  the  mme  investigation  ;    and  both  of  ihm 
discovered,  nearly  at  the  same  time,  that  by  means  of  solpluh 
ric  acid,  a  white  powder  coidd  be  separated  from  thLi  kind  d 
iron,  which  by  the  usual  process  they  converted  into  a  medl 
of  a  dark  steel  gray,  exceedingly  brittle,  and  not  very  sotnUe 
in  acids.     Its  specific  gra\dty  was  6-700 ;  it  vras  not  so  fiifiUe 
as  copper  ;  and  when  combined  with  iron  rendered  it  coUskofi 
Both  of  them  concluded  that  this  substance  was  a  mw 
Bergman  gave  it  tlie  name  of  sidenim^  and  Meyer  of  h\ 
skier  urn.     But  Klaproth  soon  after,  recollecting  that  Ae 
composed  of  pliosphoric  acid  and  iron  bore  a  great  resemblanet, 
to  the  white  powder  obtained  from  cold  short  iron,  si 
the  presence  of  phosphorus  in  this  new   nietol.      To  decsitl 
the  point,  he  combiued  phosphoric  acid  and  iron,  and  obtaliKJi 
by  heating  it  in  a  crueiljle  along  with  charcoal  powder, J  a  IB^ 
stance   exactly   resembling    the   new   metal.§      Meyer,  wl* 
Klaproth  comniu ideated  to  him  this  discovery,  informed  ^ 
that  he  had  already  satisfied  himself,  by  a  more  accurate  ei*^ 
nation,  that  siderum  coniained  phosphoric  acid.  [J      Soon  ifr 
this,  Scheele  actually  decomposed  tlie  white   powder  Qhasai 
from  cold  short  iron,  imd  thereby  demonstrated  tliat  it  is  vf^ 
posed  of  phosphoric  acid  and  iron.f    The  siderum  of  Berg*% 
however,  is  composed  of  phosphorus  and  iron,  or  it  ispii^ 
phuret  of  iron ;  the  phosphoric  acid  being  deprived  of  itsoijl'' 
durmg  the  redtution*** 

♦  Opusc.  lit.  109. 

f  iSchrifteii  der  Berliner  Gessellch*  Katurf,  Freunde,  1 780,  H  39i  *' I 
iii.  380. 

t  This  praceas  in  chemistry  is  called  n^duction^ 

§  (Veil's  Annals,  1784,  i,  390.  ||  Ibid.  105. 

1  CrellJ.  112,  Eng,  Truns. 

««  Rmman  has  shown  that  the  brittieneas  and  bad  qualities  of  cuM^I 
iroD  mny  be  removed  by  heating  it  slrongly  \nth  Ume-siotie,  waA^^l 
the  txjicriniejits  of  Levavasaeur  correspond.     See  Ann^  de  C^hliD. 
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2.  When  a  current  of  dry  hydrogen  gas  is  passed  over  phos-  famWy  "i. 
I  (hate  of  iron  lieated  to  redness  in  a  glass  tube,  both  the  const!-  .__L. 
tuents  are  deprived  of  ttieir  oxygen^  and  a  phosplmret  remains, 
which  is  obvioimly  a  compound  of 

1  atom  iron  .         .         3-5 

1  atom  phosphorus         .         .         2 


2.   Ph«i»hu- 


55 
80  that  Its  atomic  weight  is  5*5, 

3.  M.  H.  Rose  formed  a  phosphuret  of  iron  by  passing  a  BiphoipHu- 
curreiit  of  phosphuret  ted  hydrogen  gas  very  slowly  over  iron 
pyrites  (bisulphuret  of  iron).  The  hydrogen  gas  united  to  the 
sulphur,  and  formed  sulphuretted  hydrogen,  while  the  phospho- 
rus combined  with  the  iron.  Now  phosphuretted  hydrogen  is 
a  compound  of 

1  ^  atoms  hydrogen 

1  atom  phosphorus, 
while  iron  pyrites  is  a  compound  of 

2  atoms  sulphur 
1  atom  iron. 

Sulphuretted  hydrogen  is  a  compound  of 

1  atom  hydrogen 

1  atom  sulphur. 
It  18  obvious  that  4  atoms  phosphuretted  hydrogen  contain 

6  atoms  hydrogen 

4  atom.s  pliosphorus, 
while  0  atoms  iron  pyrites  contain 

6  atoms  sulphur 

3  atoms  iron» 

4  atoms  of  phosphuretted  hydrogen  and  3  atoms  iron  pyrites 
may  therefore  he  converted  into  6  atoms  sulphuretted  hydrogen, 
and  into  a  phi»sphuret  of  iron  composed  of 

4  atoms  phosphorus 
3  atoms  iron. 

Now  this  was  the  phosphuret  obtained  by  Rose,*  lie  has  not 
given  us  any  acconut  of  its  properties,  I  should  be  disposed 
to  consider  it  as  a  mixture  of  2  atoms  phosphuret  of  iron  and 
I  atom  of  biphosphuret, 

XI-   There  exists  a  strong  affinity  between  iron  and  sulphur.  Suiphurcu. . 
No  fewer  than  5  snlphiirets  are  now  known,  and  doubtless 
%'arious  other  combinations  of  the  two  constituents  will  be 
discovered  hereafter* 

•  Ann,  cle  Chim.  et  de  Phys,  uudv.  176. 
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oup.  III.  1.  Sulphuret  of  iron  may  be  formed  by  various  proonMs; 
one  of  the  surest  is  to  pass  dry  hydrog^en  gas  over  iron  pyiitei 
in  powder  and  heated  to  redness  in  a  glass  or  porcelain  tnbe. 
One  half  of  the  sulphur  is  disengaged,  and  there  renudns  i 
combination  of 

1  atom  sulphur         .  .  2 

1  atom  iron  .  .  3*5 

5-5* 

The  same  compound  is  obtained  when  iron  is  heated  to  wUto- 
ness  surrounded  by  sulphur  vapour.  The  union  is  accompiiiU 
by  the  fusion  of  the  sulphuret,  and  a  good  deal  of  heat  is  evoM 
Its  colour  is  that  of  bronze  or  black  when  in  powderyiodf 
dissolves  in  sulphuric  or  muriatic  acid  with  the  evolntioi  d 
abundance  of  sulphuretted  hydrogen  gas.  It  may  be  obtuv' 
also  when  iron  pyrites  is  distilled  at  a  red-heat ;  one-half  of  tk 
sulphur  flies  off,  and  leaves  sulphuret  of  iron. 

'^The  mineral  called  magnetic  pyrites  is  a  combinatiooif^ 
atoms  sulphuret  of  iron  and  1  atom  of  bisulphiuret,  as  was  fa 
shown  by  Stromeyer.f  Its  colour  is  that  of  bronze ;  it  histf 
metallic  lustre ;  but  its  powder  is  blackish  grsy.  Its  specft 
gravity  is  4*518.  It  strikes  fire  with  steel,  and  easily  dk^ 
when  heated.  According  to  the  analysis  of  Stromeyeriii) 
composed  of 

Iron  .         .  loo 

Sulphur         .         .  67-084. 

Now  if  we  suppose  it  a  compound  of  5  atoms  sulphuret  sail 
atom  bisulphurct  of  iron,  the  weight  of  its  constituents  wooU-^ 
Iron  .         .  100 

Sulphur         .         .  66-66 

which  almost  coincides  with  Stromeyer's  result. 
«.  seMiuisuL       2.  Sesquisvlphuret  of  iron  may  be  formed  by  passing  a  <^ 
"*  "  rent  of  dry  sulphuretted  hydrogen  gas  over  peroxide  of  iroa^ 

a  glass  or  porcelain  tube,  and  heated  to  the  temperatoK  «* 
212°.     The  current  of  gas  is  to  be  continued  till  all  eroloti* 
of  water  is  at  an  end.    The  sesquisulphuret  of  iron  fonnei  tf 
tlie  same  form  as  the  peroxide  had.    It  has  a  grav  colourn^l 
a  slight  shade  of  yellow,  and  acquires  lustre   under  the  ^\ 
nisher.  It  is  not  altered  by  exposure  to  the  air.   When  disriib* 
sulphur  is  given  out,  and  common  sulphuret  of  iron  reiwi^ 
When  treated  with  acids,  sulphuretted  hydrogen  gas  is  evotr^ 


Poggendorfs  Annalen,  v.  533.  t  Oilbofs  Annalen,  xliS  15^ 
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iron  fa  dissolved,  and  a  quantity  of  bisulphuret  of  iron  remains  ^»^y  i^*- 
undissolved,*     Its  constituents  are  . 


1|  atom  Bulptiur 
1    atom  iron 


3 
3-5 

6-5 


4 


3.  Bisnipliuret  of  iron  may  be  formed  by  various  processes  j  i  Biiuiphu 
but  it  h  found  ready  formed  in  great  abundance,  and  is  known 
by  the  name  of  iron  or  cubic  pyrites.  It  lias  a  yellow  colour, 
and  has  the  metallic  lustre.  It  is  brittle,  and  sufficiently  hard 
to  strike  fire  with  steeL  It.s  specific  gravity  is  about  4*5,  It 
usually  crystallizes  iJi  striiited  cubes.  When  heated  it  is  decom- 
posed. In  the  open  air  the  sulphur  takes  fire :  in  close  vessels 
filled  with  charcoal,  part  of  the  sulphur  is  volatilized ;  and  a 
black  sulistance  remains,  retaining  the  original  form  of  the 
mineral,  but  falling  to  powder  on  the  slightest  touch.  Mr. 
Proust  has  demonstratetl  that  tins  Idack  substance  is  protosul- 
phuret  of  iron.  Its  constitution  was  first  ascertained  by  Mr- 
Hatehett,  and  his  analysis  has  been  confirmed  by  those  of 
Berzelius  and  Gueniveau  and  my  own.f     It  is  a  compound  of 


i 


2  atoms  sulphur 
1  atom  iron 


4 
3-5 


7-5 


h 

f  Some  ^--aneties  of  iron  pjTites  are  not  altered  by  exposure  to 
I  tlie  air,  while  others  when  so  exposed  split  in  pieces  and  lure 
gradually  converted  into  sul|)hate  of  iron.  Probably  those 
varieties  which  are  thus  decomposed  contain  some  sulphuret  of 
iron  mixed  \inth  the  bisulphuret  of  iron, 

4.  Disulplniret  of  iron  was  obtained  by  A  rfvedson  bypassing 
a  current  of  dry  hydrogen  gas  over  anhydrous  prot^sulphate  of 
iron  heated  in  a  glass  tube,  Stdphurous  acid  and  water  came 
at  first  over,  and  at  last  sulphuretted  hydrogen  gits.  When  the 
process  was  concluded  there  remained  a  thirk  gray  agglutinated 
powder^  which  was  strongly  attracted  by  the  magnet^  and  dis- 
solved in  muriatic  acid  with  the  evolution  of  sulpliurctted 
hydrogen  gfis.  It  contained  no  sulphuric  acid*  858  parts  of 
anhydrous  sulpliate  of  iron  were  by  this  treatment  converted 
into  396  of  the  sulphuret  Hence  the  sulphuret  was  a  com- 
pound of 

•  Berzelius;  Poggcndorfs  Annalen,  vii.  393,    f  First  Prindples,  i.354w 
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Chap,  nt  Iron  .         •  7*9 

Sulphur         .         .  2 

7*9  is  a  little  more  than  two  atoms  of  iron ;  doubtiesB  beewi 
the  iron  is  a  little  overrated ;  for  it  is  not  possible  to  iefm 
sulphate  of  iron  of  the  water  which  it  contains  without  iaAn^ 
off  sulphuric  acid  at  the  same  time.  There  can  therefore  be  i 
reasonable  doubt  that  the  sulphuret  formed  was  a  compoaiidl 
2  atoms  iron  •  .  7 

1  atom  sulphur         •  .  2 

9 

It  is  therefore  a  disulphuret  of  iron.* 

5h22r*^        5.  Tetrasulphuret  of  iron  was  obtained  by  ArfVedsoB  If 

exposing  anhydrous  dipersulphate  of  iron  to  a  current  of^ 

hydrogen  gas,  while  heated  in  a  glass  tube.      Sulphuroostfi 

and  sulphuretted  hydrogen  gas  were  evolved,  and  the  proeev 

continued  for  a  long  time.     The  sulphuret  formed  resenkU 

metallic  iron,  reduced  from  the  peroxide  by  hydrogen  g«w  i 

was  acted  on  very  powerfully  by  the  magnet,  and  was 

malleable ;  but  it  dissolved  in  muriatic  acid  with  the  evohti* 

of  sulphuretted  hydrogen  gas.     The  iron  during  this  pntf 

was  reduced  to  the  metallic  state,  and  half  the  sulphur « 

dissipated.     Hence  the  sulphuret  formed  was  a  compouidif 

4  atoms  iron  .  .  14 

1  atom  sulphur         .  .  2 

16 

It  is  therefore  a  tetrasulphuret  of  iron.f 

Sulphuret  of  iron  is  not  only  attracted  by  the  magnet  te 
may  be  itself  converted  into  a  magnet  by  the  usual  medtfi 
but  bisulpliuret  is  not  in  the  least  obedient  to  the  wtp^ 
neither  is  it  susceptible  of  the  magnetic  virtues.  J 
ifagneticpro.  It  has  been  long  known  that  pure  iron  is  not  susceptible* 
retaining  the  properties  of  a  magnet ;  but  steel,  when  •* 
magnetized,  continues  permanently  ma^etic.  Now  steel* 
we  have  seen,  is  a  combination  of  iron  and  carbon.  WTieni 
proportion  of  carbon  united  to  iron  is  increased  to  a  cefti 
proportion,  the  iron  loses  the  property  of  b«ing  acted  onbr* 
magnet.  The  addition  of  a  certain  portion  of  sulphur  likei* 
renders  iron  susceptible  of  becoming  a  permanent  nufi^ 
The  sulphur  may  amount  to  46  per  cent,  without  destrw* 

*  A  nnals  of  Philosophy  (2d  series),  vii.  341 .  +  Rrid.  p.  3li 

t  Hatchett,  Phil.  Trans.  1804. 
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thU  property ;  but  when  it  is  increased  to  52  per  cent,  the 
magnetism  vanishes  completely.  Iron  may  be  made  perma- 
nently jnagiietic  also  when  united  to  phosphorus;  but  whether 
the  magnetism  disappears  when  the  pro[>ortion  of  phosphorus 
is  intTeji§ed,  has  not  l>een  ascertained. 

Thus  it  appears  tliat  pure  iron  is  not  susceptable  of  perma- 
nent magnetism.  United  to  a  portion  of  carbon,  it  forms  a 
compouml  more  or  less  brittle,  soluble  in  muriatic  acid,  and 
susceptible  of  magnetic  impregnation.  Saturated  with  carbon, 
it  becomes  Itrittle,  in.S(»luble  in  muriatic  acid,  and  destitute  of 
maguetic  properties. 

Iron,  united  to  a  portion  of  snlphur,  forms  a  brittle  com- 
pound^ solid>le  in  muriatic  acid,  and  susceptible  of  magnetic 
impregnation.  Saturated  witli  sulphur,  the  compound  becomes 
brittle,  insoluble  in  nmriatic  acid,  and  destitute  of  magnetic 
properties. 

Iron,  united  to  phosphorus,  is  brittle,  and  susceptible  of 
magnetic  impregnation  in  a  great  degree,  and  iu  at!  probability, 
by  saturation,  would  lose  its  magnetic  properties  altogether. 

For  these  facts,  wliich  are  of  the  utmost  importance,  we  are 
indebted  to  Mr.  Hatchett,  who  was  led  to  the  discovery  of 
them  by  his  experiments  on  magnetic  pyrites,  *^  Speaking 
generally  of  the  carburets,  sulphurets,  and  pbosphurets  of 
iron,  I  have  no  doubt,"  says  tliis  sagacious  philosopher,  *' but 
that,  by  accurate  experiments,  we  shall  find  that  a  certiiin  pro- 
portion of  the  ingredienLH  of  each  constitutes  a  maximum  in 
the  magiietical  power  uf  these  three  bodies.  When  this  maxi- 
mum has  been  ascertaiued,  it  would  be  proper  to  compare  the 
rekitive  magnetical  power  of  steel  (which  hitherto  hfis  alone 
lie  en  era  ployed  to  form  artificial  magnets)  with  that  of  sul- 
pburct  and  phosphuret  of  iron  ;  each  being  first  examined  in 
the  form  of  a  single  mass  or  bar  of  equal  weight,  and  afterwards 
io  die  state  of  compound  magnets,  fortnetl  like  the  large  horse- 
ma^et^f  by  the  separate  arrangement  of  an  equal  n  amber 

^  bars  of  the  same  substance  in  a  box  of  brass. 
'  **  The  effects  of  the  above  conq)ouud  magnets  should  then 
be  tried  against  others,  composed  of  bars  of  the  three  different 
substances,  various  in  number,  and  in  the  mode  of  arrange- 
ment ;  and  lastly,  it  would  be  interesting  to  make  a  series  of 
iKperiments  on  chemical  compounds,  formed  by  uniting  dif- 
ferent proportions  of  carbon,  sulphur,  an*l  phosphorus,  with 
one  and  the  same  mass  of  iron.  These  quadruple  compounds, 
which,  according  to  the  modern  chemicid  nomenclature,  may 
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be  called  earburo-i^ulpliuro-pliosphurets,  orpbosphur0-fiilpkB» 
carburets^  &c.  of  iroiij  are  as  yet  unkiiowii  as  to  tlieir  dtand 
properties,  and  may  also,  by  the  investigation  of  their  wtf' 
neticfil  properties,  afford  some  curious  results.      At  any  nKvfl 
unexplored  field  of  extensive  research  appears  to  be  opeHi 
which  possibly  may  furnisli  important  additions  to  the  Uster 
of  magnetism  ;  a  branch  of  science  which  of  late  years  Ittskfl 
but  little  auu^mented,  and  which,  amidst  the  present  rapid  p 
gress  of  human  knowledge,  remains  immersed  in  consiileiii 
obscuritj%" 

XI L  Wlien  a  mixture  of  selenium  and  iron  filings  is i)«iii 
a  combination  takes  pbcc  wdthout  any  appearance  of  IP' 
bustion.  But  if  selenium  be  put  into  the  bottom  of  i^ 
tube  and  iron  filings  above  it^  and  a  sufficient  heat  be«|p 
to  volatilize  the  selenium,  the  iron  filings  abs4irb  tkii 
and  become  red-hot,  and  this  ignition  continues 
anyseleniiun  h  absorbed,  Seleniet  of  iron  thus  foi 
metaUic  appearance,  and  a  gray  colour  with  a  shade  of; 
It  ftoes  not  melt,  but  becomes  agglutinated  together 
coherent  mass.  When  heated  before  the  blow- pipe  it  l««| 
a  portion  of  selenium,  and  is  converted  into  a  blark 
crystallized  matter,  which  seems  to  be  seleniate  of  i«» 
dissolves  readily  in  muriatic  acid,  while  selenietted  h 
gas  is  disengaged.  This  is  the  best  mode  of  obtaining  tit* 
Besides  selenietted  hydrogen,  there  is  another  gas 
neither  soluble  in  water  nor  in  caustic  alkalies*  Tim 
a  very  disagreeable  smell,  wliich  adheres  long  to  g]mt 
It  precipitates  protonitrate  of  mercury  black.* 

X 1 1 L  W  hen  1  Ot)  parts  of  iron  filings  and  200  parts  rfi 
are  heated  to  redness,  there  remain  236  pjirts  of  an  aUof^f 
and  arsenic.     It  is  w  hite,  very  brittle,  and  easily  pi 
It  is  obviously  a  compound  of 

1  atom  iron  *  ,  3^5 

1  atom  arsenic         .  .  4*75 


AntiinoiifiicL 


8-25 


XIV.  The  alloy  of  tellurium  and  iron  has  not  been « 

XV.  Iron  combines  with  antimony  by  fusion  and  I 
brittle  hard  wliite-eoloured  alloy,  the  specific  ffravitT*'' 
is  less  than  intermediate.  The  magnetic  qualitr  rfi" 
much  more  diminished  by  being  alloyed  with  antimofff 


*  Bcrzeliusi  Ann,  de  Chiin.  et  de  Pbys.  x.  242* 
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with  most  other  metals,*     This  alloy  may  be  obtained  also  by  **'*^''y  ^^^ 
fusing  in  a  crucible  2  parts  of  8ulpburet  and  1  of  iron.     It  was      ' 
formerly  ailletl  martial  regulus, 

XVL    When    oxides   of  iron    and    chromium    are  mixed  chromiet 
together,  and  strongly  heated  in  a  covered  criicil)le  lined  with 
charcoal,  they  are  reduced  and  melt  together  into  an  alloy. 
And  tliey  seem  capable  of  uniting^  in  all  proportions.     An  alloy 
of  these  tM^o  metah*  in  the  proportion  of 
4  atoms  cliromiuin, 
0  atoms  iron, 
was  examined  by  Berthier.     It  had  been  melted  and  was  filled 
with  cavities  lined  with  prismatic  crystals.     Its  textiu'e  was 
crj^stalline,  and  its  colour  ^vhiter  than  that  of  platinum*     It  was 
hard  enough  to  cut  glass  as  readily  as  the  diamond,  and  it  was 
so  brittle  that  it  was  easily  reduced  to  powder  in  an  agate 
mortar.     Berthier  formed  two  alloys  of  steel  and  chromium, 
one  containing  I  per  cent,  the  other  IJ  per  cent.  (»f  the  later 
metah     He  found  both  to  answer  exeeedingly  well  for  making 
cutting  iniitnmients,  and  reconuncnds  them  accordingly  to  the 
attention  of  manufecturers-f 

XVI L  Equal  quantities  of  iron  and  molybdenum  melt  readily,  Moi^bdct. 
and  form  a  brittle  alloy,  of  a  bluish-gray  colour,  and  eotjsidcr- 
able  hardness.  Its  fracture  was  fine  scaly,  and  granular* 
Before  the  blow-pipe  it  melted  with  intumescence,  but  witli- 
out  sparks.  One  part  of  iron  and  two  of  molybdeiniin  formed 
a  brittle  alloy  of  fine  gnnned  texture,  and  liglit-gray  colour. 
It  was  magnetic,  an{l  did  not  melt  before  the  blow-pipe.  Of 
all  the  metals,  iron  seems  to  unite  most  readily  with  molyb- 
denum.| 

XVIIL  Tungsten  with  white  cast-iron  gave  a  perfect  but-  TungiU!«. 
ton,  the  fracture  of  which  was  compact  and  of  a  whitish-brown 
cohmr.    lOU  parts  iron  and  50  of  tungstic  acid  yielded  I  ?37  parts 
of  alloy.  J 

XIX.  \^Tieii  oxide  of  eolumbium  is  mixed  mth  iron  filings  «^o>"mi>rt. 
and  strongly  heated  in  a  small  crucible,  it  is  reduced  to  the 
metallic  state,  and  forms  \m  alloy  with  the  iron.  This  alloy  has 
the  ^pearanee  of  white  cast-iron,  except  that  it  wants  its  crys- 
talline texture.  It  is  sufficiently  hard  to  scratch  glass.  Aqua 
regia  dissolves  the  iron  with  difficulty,  and  leaves  the  eolum- 
bium in  the  state  of  a  gray  powder. 

•  Oellert,  p,  136.  t  Ann.  de»  Mines,  vL  579. 

\  Creir*  Aniwk,  tii.  370.  §  Elhuyaitfl. 
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ciJij>.  lit        XX.  It  would  appear  probable  from    the  experuneoti  d 
Tuiuiict^        Vauqoelin  mui  Hecht,  tliat  iron  and  titanium  may  be  miM 
togetlior  by  lieat*      At  least  they  obtained  a  gray  coloured bb^  1 
interspersed  witli  yellow  particles  w'hich  tliey  were  not  able  i  I 
fuse.  I 

other  lUi^  XXL  Iron  may  be  alloyed  with  potassium  and  lois  I 
But  these  alloys  cannot  be  preserved,  and  of  course  are  of  U  I 
use  at  present,  SeruUas  formed  an  alloy  of  potassitno,  n  J 
and  antimony,  by  lieating  in  a  crucible  100  parts  of  iron  &to  f 
over  which  ho  put  100  parts  of  calcined  cream  of  taitU|0iv 
with  100  parbs  of  powdered  antimony.  The  alloy  was  M  f 
and  contained  a  great  deal  of  potassium.*  \ 

XXI L   Larapadius  exposed  to  a  white  heat  a  miJCtiD^  * 
barytos,  1  iron,  and  ^  duircoal ;  he  obtained  an  adluy,  wb^j 
when  exposed  to  the  air,  soon  fell  to  powder.f 

XX 1 1 1.    Nothing   precise    has    hitherto    been   asoetti 
respecting  the  alloys  of  iron  with  stroutium,  ealciuj%  9sii 
nesinm.      Davy  obUiined  alloys  of  iron  w^th  iduroiDtVl 
glacinum,  by  exposing  to  a  white  heat  a  mixture  of  iroioj 
potassium,  with  aUimlna  or  glncina.      Xliey  were  whitiTQ-l 
iron,  and  underwent  decomposition  w^hen  put  into  wilff. 

Nothing  is  known  respecting  the  alloys  wlucli  ira  * 
be  capable  of  funning  with  yttrium,  cerium*  lircoimifc ' 
thorium, 

SECTION  II* — OF  MANGANESE, 

Hiifeory.  The  dark  bro\^^l   or  black   mineral    caUed    ma/lfV* 

Latin  maf/nesia  (according  to  Boyle   from  iti*  resemUtt'** 
the  mnfinef)^  has  been  long  known  and  used  iu  the  ntt* 
ture  of  ghissa.      A  mine  of  it  wa-^  discovered  in  Engi^' 
Boyle.     A  few  experiments  were  made   upon  this  mintf^^ 
Glauber  in    lf>;j64  and  by  Waiz   in  1705  ;§  but  dh< 
general  seem  to  have  paid  but  very  little  attention  to  it 
greater  number  of  mineralogists,  though   much  pttfxW 
to  malte  of  it,  agreed  in  placing  it  amonjt^  iron  orc«;i0t 
who  published  the  first  chemical  examination  t)f  tWs 
in  1740,  having  ascertained  that  it  often  contains 
iron,  Cronstedt,  in  his  Si/Btetn  of  Mmerahxfp^  which 
in  1758,  assigned  it  a  place  of  its  ow^n,  on  the  supptWtit^^Hf 
it  consisted  chiefly  of  a  peculiar  eartli.       Riuman  eiJU^^' 

♦  Ann*  de  Minea,  viii.  149. 

f  Schweigger's  Jounial  hxt  Chemie,  xv.   146. 

\  Pro«peritas  (Termnnia^  §  Weigleb'a  Oe«chtcbt«i  i  '^' 
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atiew  ill  1765;*  aiid  in  the  year  1770  Kaim  publblied  at 
Vienna  a  set  of  experiments,  in  order  to  prove  tliat  a  peeuliar , 
metal  mi^ht  be  extracted  from  itf  The  same  idea  had  struck 
Bergman  about  the  s^mie  time,  and  induced  him  to  request  of 
Scheele,  in  1771,  to  undertake  an  exioniuation  of  mangauese, 
Scheele's  dissertation  on  it,  which  appeared  iu  1774,  was  a 
master-piece  of  analysis,  and  contains  some  of  the  most  import- 
ant discoveries  of  morlern  chemistry.  Bergman  himself  pub- 
lished ii  dissertation  on  it  the  same  year :  in  which  he  demon- 
strates^ that  the  mineral,  then  called  mangamse^  is  a  metallic 
ox]de4  He  accordingly  made  several  attempts  to  reduce  it, 
but  without  success;  tlie  wlnde  mtiss  cither  assumiJig  the  form 
of  scoria,  or  yielding  only  small  separate  globules  attnicted  by 
the  magnet.  This  difficulty  of  fusion  led  him  to  suspect,  that 
the  metjil  he  was  in  quest  of  bore  a  strong  analogy  to  pluti- 
iiunu  In  the  mean  time,  Dr.  Galin^  wlio  was  making  experi- 
ments on  the  same  mineral,  actually  succeeded  in  reducing  it 
by  the  following  process:  He  lined  a  crucible  with  charcoal 
powder  moistened  with  water,  put  into  it  some  of  the  mineral 
formed  into  a  l>all  by  means  of  oil,  then  filled  up  the  crucible 
with  charcoal  powder,  hited  another  erucilde  over  it^  and  ex- 
posed the  wliole  for  about  an  hour  to  a  very  intense  heat.  At 
the  bottom  of  the  crucible  was  found  a  metallic  button,  or 
rather  a  nund)er  of  small  metallic  globules,  equal  in  weight  to 
one-third  of  the  mijieral  employed. §  It  is  easy  to  see  by 
what  means  this  reduction  was  accomplished.  The  ehiircoal 
attracted  the  oxygen  from  tlie  oxide,  and  the  metal  remained 
behind.  The  metal  obtained,  which  is  called  mangamsey  was 
farther  examined  by  Ilseman  in  1782,  Hielm  in  1785,  and 
Bindheim  iu  1789.  An  ehiborate  and  extensive  set  of  expe- 
riments on  this  metal  and  its  combinatiotis  was  puldlshed  by 
Dr.  John  iu  1807.||  Since  tliat  period  many  important  facts 
respecting  manganese  have  been  iiscertained.  ArfvetLson  and 
Bencelius  have  determined  the  composition  of  its  oxides.H 
Ad<1  an  excellent  jiaper  on  the  same  subject  hits  been  pub- 
lii»hed  by  Bertlner,  chtu-acterizeil  by  the  accuracy  and  clear- 
nefl§  which  dL^tinguis^hes  the  experiments  of  this  excellent 
chemist.* ♦     The  investigations  of  Chevillut  and  Edwards  have 

*  Mem.  Stoekholiiii  1766,  p.  *^35» 

f  De  Meiailis  dubiis,  p,  48.         |  Optjsc.  ii*  201.         §  Bergman,  ii.  211. 

I  Oehlen*8  Journal,  Tiir  die  Chemie  und  Phyaik,  iii.  452. 

^  Annals  of  Philosophy  {t^  scries),  vii.  267* 

t  Ann,  tic  Chim.  et  tic  Plvys.  xx,  I8G. 
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ch^p,  iiL    made  us  acquainted  with  a  new  compound  of 

oxypjen  poj^sessiiij^^  iicicl  properties,*  aiiH  tJiis  subject  has hNi 
much  elucidated  by  the  excellent  paper  published  on  thew 
subject  by  M,  Forchhammer.f  Much  new  light  hai  hm 
thrown  upon  the  nature  of  manganese  and  its  ores  bv  ti* 
interesting  papers  of  M,  Haidinger  and  Dr.  Turner  public 
in  the  11th  volume  of  the  Philosophical  Transactions  of  E&- 
bur^^h. 

Mangfanese   never  occurs   in  nature   in    the  metalhc 
except  when  it  is  combined  with  sulphur.      Twenty  difoe* 
species  of  manganese  ores  ha\'e  Keen  described  by  mioefll^ 
gists ;  by  far  the  most  abundant  of  ^^hich  is  what  i*  rnojl,' 
called  black  oxide  of  maniiancse.      Under   this  name  Wf^ 
species  of  manganese  ores  are  included.      Sometimes  it  isp  j 
binoTtde  of  manganeM.     It  is  then  black,    has   the  me^  I 
lustre,    and  has  a  fibrous  structure.       Haidinger  has  di» 
guished  thLn  species  by  the  name  oi  pyroiusite.    But  most  i^  I 
quently  it  contains  water,  binoxide   of  mangimcsc,  uJ  ^ 
seWom  barytes.     It  is  from  thiin  bkick  oxide,  used  extcfflif^! 
in  commerce  and  ground  to  a  fine  powder,  tliat  chemkts  oiiOEi  I 
pure  oxide  of  manganese,  from  which  this  nietat  is  to  be  pi 
cured.     And  there  are  various  processes  which  are  fA^l 
for  this  purpose. 

I  am  in  the  habit  of  obtaining  chlorine  gas  for  all  tk  p^  j 
poses  for  winch  it  is  required  by  digesting  muriatic itti*l 
black  oxide  of  manganese  in  powder.      By  tliis  process  a sii^ 
tion  of  manganese  in  the  acid  is  obtained.      It  is  aliop  f^ 
taminated  with  a  good  deal  of  iron  ;  and  sometimes  it  ama? 
copper  and  likewise  barytes.     Copper  is  easily  thrown  ^^ 
by  pasjsuig  a  current  of  sulphuretted  hydrogen  gas  throog^^ 
solution.     1  then  render  it  as  neutral  as  possible  bv  «^^ 
tion,  and  after  diluting  it  with  water  I  add  ammonia  id  J 
quantities  at  a  time  as  long  as  the  precipitate  appears  rd 
then    filter.      The  liquid  which  passes  through  is      '   ^ 
like  water.     It  is  proper  to  try  whether   rhe  whole  i 
been  tlirown  dow^l  by  putting  a  few  drops  of  it  into  a 
glass  and  adding  a  drop  of  the  solution  of  prussiate  of  ] 
if  the  precipititte  be  quite  white  without  any  dmde  < 
we  may  be  sure  that  no  iron  is  present.      If  the  black  < 

'  Ann.  de  Cliim.  et  tie  Phys,  viti.  337. 

t  Dr.  Forch hammer's  experiiuent^  were  the  subject  of  a  Theaa  pui^ 
at  Copenhagen.  An  abstract  was  inserted  in  the  Anoali  of  W^ 
(2d  series),  i.  50. 


wiis  free  from  barytes  nothiotc  mart*  is  necessary  to  have  the  F»mityiT 
manganese  quite  pure.  Rut  if  barytes  be  present  we  must  ^*^  "^ 
add  a  solution  of  sulpfiate  of  ammonia  as  lon^  as  a  precipitate 
continues  to  fall.  The  liquor  beintr  now  filtered  and  mixed 
with  a  sufficient  quantity  of  bicarbonate  of  potaslu  pure  carbo- 
nate of  manganese  falls  to  the  bottom,  which  requires  only  to 
be  washed  and  dried, 

Forchharamer's  process  is  in  some  respects  preferable  to 
mine.  He  mixes  equal  weights  of  sulphuric  acid  and  black 
oxide,  and  heats  the  mixture  till  the  vapour  of  sulphuric  acid 
ceases  to  appear.  By  this  process  tlie  whole  is  converted  into 
sulphate  of  manganese,  mixed  of  course  with  sulphate  of  iron, 
&c.  Tins  matter  is  dissolved  in  water  and  t!ie  solution  filtered. 
This  frees  the  manganese  of  bar^fes  and  iead,  when  these 
bodies  happen  to  he  present*  TI»e  solution  is  cautiously 
mixed  with  hydrosulphuret  of  ammonia  as  long  as  the  precipi- 
tate, which  falls,  is  hbck*  This  throws  down  the  copper  and 
iron,  and  leaves  the  manganese.  It  is  then  filtered  and  heated, 
aiid  decomposed  in  the  usual  wrj  by  bicarbonate  of  potash. f 

M.  Quesneville,  junior,  has  proposed  anotlier  process  for 
separating  iron  and  mangiuiese,  winch  I  have  not  tried,  as  I 
eonsider  my  own  to  be  more  economiad.  He  renders  the 
muriatic  acid  sobitiou  of  them  as  neutral  as  possible  by  boiling. 
He  then  dilutes  the  liquid  with  a  great  quantity  of  water,  aiul 
paases  a  current  of  chlorine  through  it  to  peroxidize  the  iron, 
Arseniate  of  potash  being  now  added  throws  down  the  whole 
iron  in  the  state  of  a  greenish  white  arseniate.  After  filtration 
evaporate  the  liquid  which  contains  the  arseniate  of  manganese 
^most  to  dryness,  and  add  water  to  it ;  then  filter  and  decom- 
pose the  solution  by  caustic-potash;  the  oxide  of  mimganese 
tlms  obtained  is  free  from  iron 4 

M*  Lassaigne  has  given  anotlier  process,  which  is  nearly 
allied  to  the  method  long  ago  employed  by  Dr.  John.  The 
black  oxide  of  inangi«*ese  Ls  digested  in  dilute  muriatic  acid 
to  get  rid  of  the  carbonate  of  lime,  &c.  should  it  be  present* 
It  IS  then  dissolved  in  sulphuric  acid,  and  the  solution  evapo- 
rated to  dryness.  Dissolve  the  dry  mass  in  water,  filter,  add 
a  little  sulphuric  acid  and  pass  a  current  of  sulphuretted  hydro- 
gen gas  through  it  to  precipitate  the  copper,  should  any  be 

*  I  have  never  observed  lead  in  the  black  oxide  used  in  Glasgow  for  pre* 
^pttiing  bleaching  powder. 

f  Annals  of  Philosophy  (2d  scries),  i.  50. 
I  Phil,  Mag.  (id  series),  i.  72. 
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^  ^^  present  Heat  the  liquid  to  drive  off  the  excess  of  sulphur- 
etted  hydrogen,  and  then  throw  down  the  manganese  by  cai^ 
bonate  of  soda.  Wash  the  yellow  precipitate  and  digest  it 
in  a  solution  of  oxalic  acid.  The  oxide  of  iron  will  be  dii^ 
solved,  and  the  oxalate  of  manganese  will  remain  in  the  state 
of  a  white  powder.  When  this  oxalate  after  being  washed 
and  dried  is  calcined  in  a  covered  crucible,  it  leaves  pure  pro^ 
oxide  of  manganese.* 

If  we  put  pure  oxide  or  carbonate  of  manganese  into  a 
covered  crucible  lined  with  charcoal  and  expose  it  to  a  v^ 
violent  heat  for  four  hours,  it  will  be  reduced  to  the  metallic 
state  and  fused  into  a  solid  mass.  In  this  way  metalHc  man- 
ganese was  obtained  by  Mr.  Buttray,  who  exposed  the  oxide 
to  the  g^reatest  heat  which  can  be  raised  in  his  furnaces  for 
fusing  cast-steel.  The  manganese  which  he  made  was  not 
free  from  iron;  because  the  oxide  which  he  employed  was 
impure.  It  was  an  alloy  of  nearly  4  atoms  manganese  and  1 
atom  iron. 

I.  Manganese  obtained  in  the  way  just  described  has  a  gray 
colour,  somewhat  whiter  than  cast-iron.  It  is  fine  granular  in 
its  texture,  hard  and  so  brittle  that  it  may  be  reduced  to  powder 
in  a  mortar.  Its  specific  gravity,  as  determined  by  John,  is 
8'0ld.f  It  is  not  attracted  by  the  magnet.  Even  the  alloy 
composed  of  4  atoms  manganese  and  1  atom  iron,  is  not  in  the 
least  acted  on  by  the  magnet,  nor  does  it  affect  the  most  deli- 
cately poised  magnetic  needle.  Metallic  manganese  gradually 
absorbs  oxygen  from  the  atmosphere  and  decomposes  water; 
but  when  alloyed  with  iron  it  loses  that  property,  undergoing 
no  other  change  by  keeping,  except  becoming  a  little  yellow 
on  the  fractured  surface. 

omumb.  II.  Manganese  has  a  strong  a£Bnity  for  oxygen.    It  is  capa- 

ble of  forming,  at  least,  4  oxides,  and  there  are  strong  reasons 
for  believing  in  the  existence  of  a  fifth,  which  contains  less 
oxygen  than  any  of  the  others.  But  it  is  not  of  much  conse- 
quence, as  it  neither  possesses  the  properties  of  a  base  nor  an 
acid.     It  has  been  distinguished  by  the  name  of  suboxide. 

I.  Protoxide.  ]^  i^g  protoxide  of  manganese  constitutes  the  base  of  all 
the  salts  of  manganese.  It  may  be  obtained  by  exposing  the 
carbonate  of  manganese  to  a  white  heat  in  a  covered  crucible 
lined  with  charcoal ;  or  still  more  easily  by  passing  a  current 

*  Ann.  de  Chim.  et  de  Phys.  xl.  329. 
f  Gehlen's  Jour.  iii.  460. 
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of  dry  hydrogen  gas  over  biooxide  or  sesquoxide  of  manganese 
heated  in  a  glas.s  tube,  but  not  to  redness.  Protoxide  thui 
obtained  is  a  light  green  powder,  which  very  npeedily  becomes 
yellow  and  at  last  browny  by  absorbing  oxygen  from  the  atmo* 
sphere.  Even  in  the  state  of  carbonate  1  have  never  been  able 
to  preserve  it  for  any  length  of  time  without  a  portion  of  it 
being  converted  into  dentoxide. 

I  satisfied  myself  by  a  careful  analysis  of  sulphate  of  man- 
ganese, that  the  atomic  weight  of  protoxide  of  maiigaiiese  is 
4*5.     There  can  be  tittle  doubt  from  a  comparison  of  it  with 
the  other  oxides  of  this  metal,  that  it  is  a  compound  of 
1  atom  manganese,       ,         .         3*5 
1  atom  oxygen,  .         .         1' 
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consequently  the  atomic  weight  of  manganese  is  O'O*  or  the 
mme  as  that  of  iron. 

2,  The  easiest  way  of  forming  the  sesqiioxide  of  manganese  ^  seaquom^ 
is  to  dissolve  carbonate  of  manganese  iu  nitric  acid,  tA)  evapo- 
rate the  solution  to  dryness,  and  to  raise  the  dry  mass  by  degrees 
to  an  inctpieut  red  heat.  What  remains  is  deutoxide  in  a 
Mftte  of  p  u  ri  t  y ,  1 1  is  a  b  1  ack  po wd  e r  having  co  n  s  ide  ra ble  I  us  tr e, 
but  not  in  the  lea?it  metallic.  It  is  tiii^teiess  and  insoluble  in 
I  water;  but  it  dissolves  by  digestion  in  sulphuric  and  muriatie 
acids,  and  tlie  solutions  are  red.  The  muriatic  acid  !*olution 
r  becomes  gra^liuitly  colourless,  but  the  sulphuric  acid  solution 
I  may  be  kept  unaltered  for  a  considerable  length  of  lime.  This 
I     oxide  occurs  luitive  in  considerable  quantity,  both  anhydrous 

Iaiid  in  the  state  of  hydrati^  The  anhydious  has  been  called 
braujiite  by  Hiddiuger ;  it  is  a  gray  black  without  much  lustre, 
and  very  liard.  When  the  native  hiitodide  of  manganese  is 
exposed  to  a  low  red-heat  it  is  converted  miofienquafide^  a  quau- 
[  tily  of  oxygen  being  driven  off,  I  have  shown,  by  a  very 
simple  experiment,  tliat  when  4-5  protoxide  of  manganese  is 
converted  into  sesquoxide  its  weight  becomes  5.*  It  is  there- 
fore u  compound  of  4-5  protoxide  and  U*5  oxygen,  or,  which 
u  the  some,  of 
I  1    atom  manganese,     .         ,         3*5 

I 1 J  atom  oxygen,  .         .         1"5 

[a  wi 


a  ^^^en  sesquoxide  or  binoxide  of  manganese  is  exposed  r^ 
•  Fim  Principles,  i.  368. 
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to  a  strong  red-lieat,  it  gives  out  oxygen  and  assmnes  &  i 
coloiirj  which  varies  aeconUng  to  the  state  of  the  oxide  I 
jeeted  to  heat.  If  we  employ  the  hydrated  biiioxide  the  ( 
is  a  rather  fine  red;  but  when  we  employ  native  biiioiidecr 
8e»quoxide  in  a  state  of  strong  aggregation  the  colour  is  TeiM 
brown  or  even  brownish  black.  This  red  oxide  occurs  j 
and  it  is  formed  whenever  the  protoxide  of 
strongly  heated  in  an  open  vesseL  It  is  in  the  i^taii 
oxide  that  manganese  is  usually  obtained  in  chemical  i 
Arfvedson  has  shown  that  this  red  oxide  is  a  compouni]  of 

1  atom  protoxide  of  manganese,  .  ,  4-5 

2  atoms  sesquoxide  of  manganese,      *  .  10. 


S,  Bmoxlde. 


145' 
or  we  may  represent  its  constitution  as  follows^  which  isa«  j 
convenient  in  chemical  analyses, 

Manganese,  .         ,  .  3*5 

Oxygen,  ,         ,  .  1.333 

So  that  every  4*833  parte  of  it  are  equivsilent  to  4*5 1*^'| 
protoxide  of  manganese. 

This  red  oxide  then  ia  not  a  peculiar  oxide  of 
but  a  combination  of  two  other  oxides.    It  ih  preciself  tha 
in  its  composition  with  the  orydum /errns(^ferricwm  of  J 
lius,  and  has  been  called  by  Arfvedson   ajrydmn 
ma-ngmiicum, 

4.  The  binoxide  of  manganese  exists  native^  and  1 
railed  pymlmite  by  Mr.  Haidinger.     Its  colour  is  imi 
its  lustre  metallic,  and  its  texture  fibrous.      It  is  aofi,  1 
sectile,  and  has  a  specific  gravity  varying  from  4'94 1 
It  constitutes  the  most  important  of  all  the  species  0f  1 
nese  ore  from  the  property  which  it  has  of  gi\dno'  oitt  1 
gas  when  heated.     This  oxide  may  be  also  formed  i 
by  various  processes.    Berthier  obtained  it  by  mixing  c 
of  manganese  with  water  and  passing  a  current  of  chloA'^ 
through  the  liquid,  till  it  exists  in  considerable  excess,  ^'j 
bonic  acid  ^^^as  disengaged,  the  manganese  assumed  i  ^ 
colour,  and  was  partly  dissolved  in  the  state  of  murittc. 
remained  undissolved  when  the  quantity*  of  chlorine  1 
sufficient  was  a  hydrated  teroxide.      By  digesting  it  b ' 
or  dilute  nitric  acid  the  carbonate  is  dissolved  out,  if  iov^ 

*  Aitunls  of  Philosophy  (2d  series),  vii.  267, 

+  I  found  the  specifie  gravity  of  a  specimen  nearly  pureonlj  i* 
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remaiiij  and  the  pure  hyrlratefl  binoxide  obtained.  It  is  a  very 
bulky  and  very  liglit  powder;  which  retains  its  bulk  when 
dried  on  the  water-bath,  and  assumes  a  dark  brown  colour,  and 
adheres  .strongly  to  those  bodies  with  which  it  conies  in  con- 
tact-    From  Berthier's  analysis  it  appears  to  be  a  compound  of 

1  atom  binoxide,  -         .         5*5 

1  atom  water,  .         .         M25 


^ 


6-625 

But  the  quantity  of  water  actually  obtained  was  only  0*75  of 
an  atom.     For  he  found  the  hydrated  oxide  composed  of 
I  Binoxide,  .         ,         •  88 

^^^  Water,  .         .         *  12 

^^^  100* 

I  When  a  neutral  solution  of  protoxide  of  manganese  is  mixed 
I  with  a  solution  of  chloride  of  soda,  made  by  adding  carbonate 
I  of  soda  to  a  solution  of  neutral  chloride  of  lime  till  the  lime 
U  all  precipitiited,  a  beautiful  Mack  precipitate  falls,  which, 
when  washed  and  dried^  I  found  a  compound  of 

3  atoms  binoxide  of  manganese,     .         *         16*5 
1  atom  water,  ,         ,         ,         ,  M25 


^ 


17*628 
It  18  therefore  a  trishydrated  binoxide.t 

When  we  precipitate  muriate  of  manganese  hy  neutral  chlo- 
ride of  lime,  we  obtain  a  very  bulky,  light,  tasteless  powder, 
\mving  a  pretty  deep  reddish  brown  colour,  and  which  I  found 
by  analysis  to  be  a  com  pound  of 

9  atoms  binoxide  of  manganese, 
1  atom  lime, 
12  atoms  water. 
The  time  cannot  be  removed  by  washing,  but  probably  it 
would  by  digestion  in  nitric  or  acetic  acid, 

*  Ann*  de  Chim.  et  de  Pbys.  xx.  19K 

^  Was  ihb  the  same  with  the  h_v«lrated  binoxide  which  Berthier  obtained 
by  boiling  concentrated  nitric  acid  in  the  hydrated  binoxide,  fomied  hy  a 
I         current  of  chlorine  ?     He  found  the  new  hydrate  a  compound  of 
[  Binoxide,  ,         93*5  or  24 

I  Water,  .         .  4  5  or     1*125 

'  |00»0 

I         This  IB  rather  more  than  4  atonriB  of  manganese  to  1  atom  of  water.     It 

I        thotild  tberefora  be  a  tetrahydrated  binoxide. 
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Chap.  III.  I  found  that  when  5*5  parts  df  anhydrous  binondle  of  nn- 
ganese  are  heated  to  redness  they  give  out  0*6  of  oxygen,  sal 
are  converted  into  sesquoxide.  This  experiment  was  eom- 
borated  by  Berthier.  He  heated  18*8  parts  of  pure  mine 
binoxide  from  Crettnich  to  whiteness  in  a  charcoal  cmcihk 
It  was  converted  into  protoxide,  and  had  lost  3*42  parts  of  is 
weight  which  was  oxygen.*  Thus  it  appears  that  binoxide  df 
manganese  is  a  compound  of 

Protoxide,  .         .  15*38  or  4*5 

Oxygen,  .         .  3*42  or  1*0006 

4*5  represents  the  atomic  weight  of  protoxide  of  manguMK 
and  1-0006  comes  so  near  1  atom  of  oxygen,  that  we  cankvr 
no  hesitation  in  concluding  that  binoxide  is  a  compound  of 

1  atom  protoxide,         .  .  4*5 

1  atom  oxygen,  .         •  1. 

5-5 

Now  as  the  protoxide  Contains  just  one  atom  of  oxygoif  it^ 
plain  that  binoxide  of  manganese  is  a  compound  of 

1  atom  manganese,       .  .  3*5 

2  atoms  oxygen,  •         .  2 

5*5 

netted         ^*  Scheele  first  discovered  that  when  binoxide  of  mangis^ 
is  strongly  heated  with  potash  or  saltpetre,  and  the  mixture  it- 
solved  in  water,  a  fine  red  solution  is  obtained;  which. fro> 
the  property  that  it  had  of  changing  its  colour,  by  spontaoeA0 
decomposition,  he  called  chameleon  mineral.     CheWII^r  s?  I 
Edwards  showed  that  from  this  chameleon  mineral  a  red  (^' | 
oured  salt  might  be  obtained,  composed  of  an  acid,  haviugi 
ganese  for  its  base  and  potash.     To  this  acid  the  name  of  s^ 
ganesic  has  been  given.     When  the  crystals  of  this  ab » 
heated  in  contact  with  hydrogen  gas  they  set  it  on  fire.  TV 
detonate  violently  with  phosphorus,  set  fire  to  sulphur,  bx^ 
and  antimony,  and  indeed  to  all  combustible  bodies  trieif  ^ 
very  important  set  of  experiments  on  manganesic  acid  wasB»^ 
by  Dr.  Forchhamraer,  and  published  by  him  in  1820,  ink? 
Thesis  de  Mangano.     In  the  year  1824,  an  elaboTaiese:* 
experiments  on  it,  together  with  an  analysis  of  it,  was  publii? 


*  Ann.  de  Chim.  et  de  Phys.  xx«  190.  ^  i^i||^  ^  js;. 


I 
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by  Professor  FrommLerz;*  aiid  in  1826  it  \iiis  again  prepared 

and  analyzed  by  Unverdorbeu.f 

Varions  methods  of  obtaining  this  acid  in  a  separate  state 
tave  been  proposed,  several  of  them  founded  on  the  method 
first  practised  by  Dr.  Forehhammer,  and  which  I  have  described 
elsewhcre.J  The  method  employed  by  Frommherz  was  this  ; 
He  mixed  together  2  parts  of  nitrate  of  barytes  and  1  part  of 
binoxide  of  manganese,  and  exposed  the  mixtnre  in  a  crucible 
to  a  strong  red-heat.  By  this  process  he  obtained  a  light 
green  mass,  which  Forehhammer  had  shown  to  be  a  subman- 
gEoate  of  harytes*  This  matter  was  reduced  to  a  very  fine 
powder,  suspended  iii  water  atid  decomposed  by  a  current  of 
carbonic  acid  gas  disengaged  from  powdered  calcareous  spar, 
by  memis  of  diluted  suljihuric  acid.  The  water  amounted  to 
about  30  times  the  weight  of  the  submanganate.  It  was  put 
into  a  glass  cylinder,  and  was  very  frequently  stirred  dyring 
the  whole  operation*  The  current  of  carbonic  acid  was  con- 
tinued till  the  liquid  assumed  a  violet  colour,  and  till  the  sedi- 
ment at  the  bottom  was  no  longer  green  but  had  become  brown. 
To  throw  down  the  carbonate  of  barbies,  which  was  in  solu- 
tion, the  liquid  was  boiled  for  a  quarter  of  an  hour*  Only  a 
very  little  barytes  now  remained  in  solution,  which  was  thrown 
dow^i  by  a  drop  or  two  of  sulphuric  acid.  The  liquid  now  con- 
sisted of  a  solution  of  manganesic  acid  in  water.  It  was  concen- 
trated by  boiling,  and  then  evaporated  to  dryness  in  a  gentle 
heat. 

Manganesic  acid  thus  obtained  was  in  very  small  needles, 
which  appear  from  FVommherz's  analysis  to  be  a  compound  of 
2  atoms  manganesic  acid^ 
1  atom  water, 
or  to  be  a  dihydrated  acid.  This  water  is  essenrial  to  the  exist- 
ence of  the  acid.  When  we  attempt  to  drive  it  off  the  acid  is 
decomposed.  The  colour  of  manganesic  acid  is  dark  carmine 
red.  It  has  no  smell.  It  has  a  distigreeable  taste,  a  kind  of 
mixture  of  bitter  and  astringent.  It  is  heavier  than  water.  It 
ig  capable  of  being  converted  into  vajiour  by  heat,  and  may 
be  again  condensed  without  decomposition.  When  mixed  with 
sulphuric  acid  the  temperature  rises  to  at  least  266*',  and  a  violet 
vapour  rises.  When  this  vapour  was  condensed  by  Fromm- 
herz he  found  it  a  comldnation  of  manganesic  and  sidphuric 
acid.     But  Unverdorben  assures  us  that  he  obtained  pure  man- 

*  Schwd^er's  Jahrbuch,  xi.  257*    f  Poggciidoff 's  Ajmalen,  vii.  322, 
^  First  Prindples,  i.  372. 


FamHj  III. 
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aMp.  I1L  ganesic  acid  by  distilling  a  mixture  of  manganale  of  potKh  ani 
sulphuric  acid.  This  vapour  has  a  strong  and  very  pecnlk 
smelL 

This  acid  is  not  very  soluble  in  water.  The  specific  gisritT 
of  a  saturated  solution,  at  68^,  is  only  1-005.  This  solutioii,  bf 
transmitted  light,  has  a  dark  violet  colour  inclining  to  canouoe: 
The  colouring  powers  of  this  acid  are  very  great. 

Manganesic  acid  is  gradually  decomposed  by  exposme  to 
light.  It  is  decomposed  also  by  heat.  The  aqueous  sololidir 
if  kept  at  a  temperature  between  112^  and  120®,  gradoillr 
loses  its  colour,  sesquoxide  of  manganese  being  predpitale'- 
The  decomposition  is  still  more  rapid  i?irhen  the  water  is  hf 
boiling  hot  Oxygen,  azote,  and  chlorine  have  no  action  mi 
whatever.  Iodine  decomposes  it  in  consequence  of  its  cmitO' 
sion  into  hydriodic  acid.  Hydrogen,  phosphorus,  sulphor,  ui 
charcoal,  decompose  it.  Most  of  the  metals  have  the  n* 
effect.  It  is  decomposed  by  zinc,  iron,  bismuth,  cc^per,  u6' 
mony,  lead,  mercury,  and  silver  in  a  longer  or  shorter  iat 
These  metals  were  put  into  the  aqueous  solutions  in  the  s&k 
of  filings.  Some  decomposed  the  acid  in  a  few  days,  otkfl 
required  several  weeks. 

Sulphuric  acid,  nitric  acid,  phosphoric  acid,  arsenic  tfi 
chromic  acid,  boracic  acid,  and  carbonic  add,  have  no  action « 
it.  Sulphurous  acid  and  smoking  nitric  acid  destroy  it  ioBt 
diately  without  throwing  down  any  manganese.  It  is  decof 
posed  also  by  all  the  hydracids. 

Manganesic  acid  was  analyzed  by  Frommherz  by  expoein?'' 
to  heat ;  it  was  reduced  to  sesquoxide,  oxygen  gas,  andfaKf 
From  2*14  parts  of  the  acid  in  needles  he  obtained 


Sesquoxide  of  manganese 

1'64 

Oxygen          .... 

0-32 

Water            .... 

0-18 

2-14 

Now  the  atomic  weight  of  sesquoxide  of  manganese  is  5. 3^ 
164  is  to  32  as  5  to  0-98.  0-98  (which  differs  verj'  little  *• 
1*)  is  the  quantity  of  oxygen  which  must  unite  to  sesqutf* 
of  manganese  to  convert  it  into  manganesic  acid.  We  canltf^ 
no  hesitation  in  considering  manganesic  acid  as  a  compousii^ 

♦  The  reason  of  the  deficiency  is  that  Frommherz  estimated  the  spe* 
gravity  of  his  oxygen  gas  too  low.  But  as  he  has  not  given  the  Tob*^ 
oxygen  gas  I  cannot  apply  any  correction. 
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1  atom  sesquoxide 
I  atom  oxygen 


5 

1 

6 


Family  HI. 
Sect,  li 


Hence  its  atomic  weight  is  6.  With  this  view  of  the  compo- 
sition of  the  acid  the  analysis  of  Unverdorben  agrees.  But 
sesquoxide  of  manganese  contains  1'5  atoms  of  oxygen.  Con- 
sequently manganesic  acid  is  a  compound  of 

1  atom  manganese         ,         •         3*5 

2  J  atoms  oxygen  .         ♦         2-5 


It  a^irees  therefore  in  its  constitution  with  phosphoric,  arsenici 
antimonic,  and  chromic  acids. 

The  binoxide  of  manganese  seems  to  possess  properties 
approaching  much  more  nearly  to  those  of  an  acid  than  an  alkali. 
It  is  found  united  in  definite  proportions  to  barytes  in  the 
manganese  ore  called  by  Haidinger  Pslomelanite,  which  is  a 
compound  of 

3  atoms  snbsesquihydrate  of  ter oxide, 
I  atom  quadromanganite*  of  barytes. 
I  find  also  tliat  it  combines  in  definite  proportions  with  lime, 
and  doubtless  it  may  be  united  also  to  otlier  bases, 

6.  There  is  a  native  minera!  which  occurs  in  Warwickshire,  VArrkiia 
and  whicli  Mr.  I^hilips,  who  first  examined  it^^  has  distinguished 
by  Uie  name  of  Varvicite.  Dr.  Turner  observed  it  also  in  a 
specimen  of  manganese  ore  from  Ihlefeld,  It  resembles  bin- 
oxide  ;  but  is  distinguished  by  a  stronger  lustre  and  a  foliated 
texture.  It  yields  water  when  heated,  and  has  a  specific  gravity 
of  4"5;3L  100  parts  of  it  being  strongly  heated,  gave  out  7**J8.> 
grains  of  oxygen  and  5* 725  grains  of  water.  There  remained 
86-89  grains  of  red  oxide  of  manganese.  Hence  the  constitu- 
ents are 

Manganese         .         .         62-92    or  3-5 
Oxygen  .         ,         31-335  or  1-744 

Water  .         •  5-725 


lOO-OOOf 

Now  1 '744  approaches  so  near  1-75  (which  furnishes  a  definite 
proportion  of  oxygen,)  that  we  can  have  no  hesitation  in  fixing 

•  By  this  terra  mangaoiie  1  express  the  combination  of  binoxide  of  man- 
gmoese  with  a  base* 
t  See  Phil^  Mag.  (M  series),  v.  2m ;  vi.  S81  ;  vii.  284* 


522  SIMPLE  ALKAUFIABUE  BA8X8. 

Chap.  III.  upon  that  number  as  the  true  weight  of  ixxygen  united  to  9^ 
manganese.  Hence2  atoms  ofmanganesewould  be  united  witk 
3*5  oxygen.  It  is  obvious  firom  this  that  varvidte  is  t  eoB* 
pound  of 


1  atom  sesquozide         •         •  3*6  +  1-6 

1  atom  binozide  •         .  3*5  *{.  2 


7-     +  3-5 

It  therefore  resembles  red  oxide  in  its  nature ;  being,  hawrm 
a  eompoimd  of  two  different  oxides.  The  water  amounts  to  Ut 
an  atom.  Thus  the  compounds  of  manganese  and  ozyga* 
present  known  amount  to  dx,  four  of  which  are  direct  ooDhb' 
tions  of  manganese  and  oxygen,  the  other  two  compoundiofti* 
particular  oxides.  The  following  little  table  exhibits  dieov- 
position  of  these  oxides 

MaaiMi.  OxyiM.  Mm^     Osy.  ^ 

1.  Protoxide  1  atom  +  1   atom  or  3*5  -f-  1       =  4^  E 

2.  Sesquoxide  1  +  1^  3*5  +  1*5    =5    I 

3.  Binoxide  1  +2  3*5  +  2       =:  H 

4.  Manganesic  acid  1  +2^  3*5  +2-5    =6 
6.  Red  oxide            I           +  ijj               3*5  +  1-83  =«S 
6.  Varvicite               1           +  If  8-5  ^  1-75  =5^ 

The  fractions  in  the  last  two  oxides  disappear  when  we  4* 
the  composition  as  follows : 
Red  oxide  is  a  compound  of 

1  atom  protoxide  •  .  4-5 

2  atoms  sesquoxide         •  .  iq* 

14-5 

Varvicite  of 

1  atom  sesquoxide  •  .  5. 

1  atom  binoxide  .  .  5.5 

10-5 
chioridw.  III.  The  oxides  of  manganese  have  been  examined  «i 

great  care ;  but  the  chlorides  have  not  hitherto  attracted  ib* 
of  the  attention  of  chemists.  At  present  we  know  onlv  IP 
chlorides;  namely,  the  protochloride  and  perchloride  anakg^ 
to  the  protoxide  and  manganesic  adds.  The  chlorides  analog 
to  sesquoxide  and  binoxide  have  not  yet  been  discovered. 
SJ^^'^"         1.  The  protochloride  was  first  described  by  Dr.  JokoB*^ 


I 


MANGANESE.  523 

He  obtained  it  by  dissolving-  the  black  oxide  of  manganese  in  f^j^i  "l 
miiriatie  acid,  evaporating  the  solution  to  dryness,  and  exposing  _ 
the  white  salt  that  remains  to  a  red  heat  in  a  glass  tube  with  a 
very  narrow  orifice.  It  is  a  substance  of  a  pure  delicate  light  pink 
colour  and  of  a  lamellar  texture,  consisting  of  broad  tbin  plates. 
It  melts  at  a  red  heat  without  alteration  in  close  vessels;  but 
in  the  open  air  it  is  decomposed,  muriatic  acid  being  given  out 
and  oxide  of  manganese  remaining.  When  left  in  an  open  vessel 
It  deliquesces  and  Ls  converted  into  muriate  of  manganese. 

It  is  obviouii  from  the  phenomena  of  its  formation,  and  from 
its  being  converted  into  neutral  muriate  of  manganese  by 
absorbing  water,  that  it  is  a  compound  of 

1  atom  chlorine  .  .         4*5 

I  1  atom  manganese         •         .         0*5 

Hf 

^Bd  tliat  Its  atomic  weight  is  S. 

^■^-  2.  Perchloride  of  manganese  was  discovered  by  M*  Dumas.  ^:  i*m:hto. 
His  method  of  procuring  it  is  to  form  the  common  green  chame- 
leon mineral  and  to  change  it  to  red  chameleon  by  means  of 
sulphuric  acid.  When  the  solution  is  evaporated,  a  mixture 
of  sulphate  and  manganate  of  potash  is  obtained.  Mix  this  mat- 
ter with  concentrated  sulphuric  acid,  and  project  into  it  common 
salt  by  small  fragments  at  a  time,  as  long  as  coloured  ^-apours 
continue  to  exhale.  The  perchloride  of  manganese  is  given  out 
in  the  form  of  a  green  vapour,  which  being  made  to  pass  tlirougb 
a  glass  tube  siurouuded  witJi  a  mixture  of  snow  and  salt,  con- 
imuM  into  a  greenish-brown  liquid.  It  retains  its  elastic  form 
at  the  ordinary  temperature  of  the  atmosphere,  and  is  so  heavy 
that  it  may  be  poured  from  one  vessel  into  another.  Wlien  it 
comes  in  contact  with  water  or  is  mixed  with  the  ^-apour  of 
water,  it  is  immediately  decomposed  into  muriatic  acid  and  man- 
^auet$ic  acid.     It  is  obvious  from  this  that  it  is  a  compound  of 


u 


2^  atoms  chlorine  .         .         1 1'25 

1    atom  manganese         •         •  3*5 


14-75 
so  that  its  atomic  weight  is  14*75.* 

IV.  Nothing  is  known  respecting  the  bromides  and  iodides 
of  niauganese^ 

V,  A  curious  compound  has  been  discovered  by  M.  Dumas  Pchiuoi 
aad  M.  Wohler,  which  has  every  appearance  of  being  a  per- 
fluoride  of  manganese,  analogous  to  manganesic  acid*     Tlie 

♦  Ann.  die  Chim*  et  de  Phjs*  xxxvi.  81- 
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method  of  obtaining  it  was  to  fniT  in  a  platiuum  retort  1 
of  eliameJeon  mineral,  one  part  of  fluor  spar  ki  powder,  i 
syffieient  quantity  of  eoiicentrated  sulphuric  acid  to 
the  whole  into  a  paste.     The  beak  of  the  retort  vm&  pimf 
into  a  platinnm  crucible  containing"  water,      A 
gafi  comes  over,  which  in  rapidly  absorbed  by  the 
tinges  it  of  a  beaiitifnl  purple.    The  solution  consists  of  a  i 
ture  of  fluoric  acid  and  manganesic  acid.      Hence  it  is  < 
that  the  gas  must  have  been  a  conipouud  of 

2  J  atoms  fluorine  .  .  5 '625 

1    atom  manganese         ,  ,  3*5 


9125 

The  property  which  glass  has  of  destroying  this 
bining  with  the  fluorine^  htm  put  it  out  of  the  power 
to  examine  its  properties  in  detail,   ^Vhen  the  water 
it  is  evaporated,  oxygen  gas  is  given  out  and  the 
acid  decomposed,* 

VI.   Nothing  is   kiiowTi   respecting   the    compouiidi 
manganese  may  be  capable  of  forming  with  hydrogen  and 

VIL  It  appears  capable  of  combining  with  carbon,  ft 
compound  is  formed  occasionally  in  iron-founderies.  Ad^ 
this  eountr)^  it  is  known  by  the  name  of  Keesh.  It  occinf«i^ 
sionaUy  in  small  cavities  in  the  mass  of  cast-iron,  mmA  sem^ 
be  the  result  of  crystallizing  during  the  cooling  of  tfce 
It  is  composed  of  thin  scales  having  tlie  lustre  and  ai 
of  steel ;  but  very  brittle.  It  was  considered  as  pi 
and  Dr.  Wollaston  examined  it  and  found  that  adds  h»« 
property  of  separating  from  it  a  little  iron.  The  n 
found  a  compound  of  carbon  and  manganese.  It  b 
carburet  of  that  metal  Its  specific  gravity  when 
have  found  2-982. 

VI II.  Nothing  is  kno^Ti  respecting  the  compounds  of 
ganese  with  boron  and  silicon. 

IX.  Phosphorus  may  be  combined  with  manganese  bjr 
ing  together  equal  parts  of  the  metal  and  of  phosphorie 
or  by  dropping  phosphorus  upon  red-hot  manganese. 
pliosphuret  of  manganese  is  of  a  white  colour,  brittle, 
lated,  disposed  to  crystallize^  not  altered   by  exposui«  *» 
air,   and  more  fusible   than  manganese.      \Mien  h^ttd 
phosphorus  burns,  and  the  metal  is  oxidized,+ 

X.  We  are  at  present  acquainted  \i4th  only  one 

•  Ann.  de  Chim,  et  de  Phys.  xxrvL  82 ;  and  xxx^.  lOk 

+  Pellctier,  Ann.  dc  Chim*  xiiL  137. 
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of  manganese,  which  may  be  obtained  by  various  processes.   ^*^*^"^ 

K  we  mix  aiihydroas  sulphate  i»f  inangiiiiese  with  y^^tli  of  its — 

weight  of  charcoal  powder,  and  expose  the  mixture  to  an  inci- 
pient wliite  heat  for  some  time  in  a  covered  crucible^  it  is  con- 
verted iu  to  protosulphnret  of  manganese,*  If  we  put  protoxide 
of  manganese  into  a  ghiss  or  porcelain  tube  and  pass  a  current 
of  sulphuretted  hydrogen  gas  over  it  while  heated  to  redness 
till  all  formation  of  water  is  at  an  end,  we  obtain  pure  sulphu- 
retted mangaoese*f  Sulphuret  of  manganese  exists  native, 
having  been  found  at  Nag)  ag  in  Transylvanlti,  and  in  Corn- 
wall. It  i»  a  black  opaque  substance  with  a  dark  green  streak. 
When  formed  artificially  it  is  green*  Its  specific  gravity  is 
about  4 ;  and  it  is  said  to  occur  crystallized  in  cubes*  When 
dissolved  in  acids  it  gives  out  sulphuretted  hydrogen  in  abund- 
ance, and  is  converted  into  a  stilt  of  protoxide  of  manganese. 
It  i»  evident  from  this  that  it  is  a  compound  of 

tl  atom  tnanganej»e,         •         •         0*5 
M  1  atom  sulphur,  .         ,         2 

5-5 
that  its  atomic  weight  is  5*5* 
The  native  sulphuret  is  a  compound  of  17  atoms  manganese 
and  18  atoms  sulphur.     It  is  probable  from  this  that  a  bisul- 
phuret  of  manganese  also  exists,  and  that  the  native  sulphuret 
consists  of 

16  atoms'sulphuret, 
1  atom^bisul|dmret. 
2,  When  a  current  of  hydrogen  gas  is  passed  through  anhy- 
drous sulphate  of  manganese,  heated  to  redness  in  a  g^ass  tube, 
one  half  of  the  sulphur  Is  airried  off,  and  one  half  of  the  man- 
ganese is  reduce*!  to  the  metallic  state.    Hence  it  is  obvious  that 
the  light  green  powder  thus  formed  is  a  compound  or  mixture  of 
1  atom  sulphuret  of  manganese  •         .  5*5 

1  atom  protoxide  of  manganese  .         .  4'5 


Ifl't 
When  carbonate  of  manganese  is  heated  with'  sulphur,  the 
manganese^  converted  chiefly  into  sulphuret,  Jiut  there  is 
always  formed,  at  the  same  time,  a  little  sulphate  of  manga- 
nese which  renders  the  sulphuret  impure.§ 

•  Berthicr,  Ann.  dc  Cliim.  et  de  Phys.  xxiv.  27a       7         J 
t  Arft'edfton,  Annals  of  Phiiosophy,  vil  332. 
X  Ibid,  vii.  329-  S  Ibid.  p.  333. 


It  combines  readily  with  iron ;  indeed  it  has  ia 
been  found  quite  free  from  some  mixture  of  that  meta 
nese  gives  iron  a  white  colour,  and  renders  it  brittlf 

From  Berzelius'  experiments  we  learn,  that  manga] 
as  a  constituent  into  cast-iron. 

SECTION  III. — OF  NICKEL. 

HiAtory.  Tliefc  is  fouiul  in  different  parts  of  Germany  a  heai 

of  a  reddish  brown  colour,  not  unlike  copper.  Whe 
to  the  air,  it  gradually  loses  its  lustre,  becomes  at  first 
and  is  at  last  covered  with  g^een  spots.  It  was  at  1 
for  an  ore  of  copper ;  but  as  none  of  that  metal  can  be 
from  it,  tlie  miners  gave  it  the  name  of  Kupfemickdy 
co[)pcr."  Hieme,  who  may  be  considered  as  the  bx 
Swedish  chemists,  is  the  first  person  who  mentions  thi 
He  gives  a  description  of  it  in  a  book  published  by  hii 
on  the  art  of  detecting  metals.  It  was  generally  coni 
mineralogists  as  an  ore  of  copper,  till  it  was  examin 
celebrated  Cronstedt  He  concluded  from  his  ex\ 
which  were  published  in  the  Stockholm  Transaction 
and  1754,  that  it  contained  a  new  metal,  to  which  h< 
name  of  nickel. 

This  opinion  was  embraced  by  all  the  Swedes,  a] 
by  the  greater  number  of  chemical  philosophers.  S( 
ever,  particularly  Sage  and  Monnet,  afiirmed  that  it 
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ous  course  of  experiment,  iii  order,  if  possible,  to  obtain  nickel 
ill  a  state  of  purity  ;  far  Croustedt  had  not  been  able  to  sepa- 
rate a  quantity  of  arsenic,  cobalt,  and  iron,  which  adhered  to  it 
with  mucli  obstinacy-  These  experiment*,  which  were  published 
in  17 75,*  fully  confirmed  the  conchisions  of  Cronstedt  Berg- 
man has  shown  that  nickel  possesses  peculiar  properties ;  and 
that  it  can  neither  be  reduced  to  any  other  metal,  nor  fonned 
artificialiy  by  any  combination  of  metals.  It  miLst  therefore  bo 
couMdered  as  a  peculiar  metal  It  may  possibly  be  a  compound, 
and  so  may  likewise  many  other  metals ;  but  we  mu^st  admit 
every  thing  to  be  a  peculiar  !>ody  which  lias  peculiar  properties, 
and  we  must  admit  every  hotly  to  be  simple  till  some  proof  be 
actually  produced  that  it  is  a  compound ;  otherwise  we  forsake 
the  road  of  science,  and  get  into  the  regions  of  fancy  and 
romance. 

Nickel  is  rather  a  scarce  mineral,  and  it  occurs  always  in 
combination  with  several  other  metals,  from  which  it  is  exceed- 
ingly difficult  to  separate  it.  These  metals  dLsg-nise  its  proper- 
ties, and  account  in  some  measure  for  the  hesitation  with  which 
it  was  admitted  as  a  peculiar  metal.  Shice  the  great  improve- 
ments that  have  been  introduced  into  the  an  of  analyzing  mine- 
rals, chemists  of  eminence  have  bestowed  much  pains  upon  this 
metal,  and  a  variety  of  processes  have  been  published  for  pro- 
ennng  it  in  a  state  of  purity.  For  the  brittle  metal  that  is  sold 
under  the  name  of  speiss  contains  abuntlance  of  iron  and  arsenic, 
and  some  cobalt,  copper,  and  bismuth*  The  first  set  of  experi- 
ments, after  those  of  Bergman,  made  expressly  to  purify  nickel, 
are  tliose  of  the  School  of  Mines  of  Paris,  of  which  Fourcroy 
published  an  abstract*f  Their  method  \i^as  tedious  and  incom- 
plete. Since  the  publicfition  of  these  experiments,  no  fewer 
than  twelve  other  processes  have  been  proposed  by  chemists,  all 
of  them  ingenious,  and  attended  each  wdth  peculiar  advantages 
and  inconveniences4 

In  the  year  1804  an  elaborate  paper  on  nickel  was  published 
by  Richter,§  and  in  the  yeiu*  IBll  an  excellent  set  of  experi- 
ments on  this  metal  and  its  combinations  was  published  by 
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I  •  Bergman*  ii.  23  L  +  Diacours  Preliininmre,  p»  1 17. 

I  %  Mr.  Philips  published  a  process  tii  Phil»  Mag.  xvi.  S12  ;  Proust  ariotbtf 

1  in  Jour*  de  Pbys.  Ivji,  169;  Theiiard  another,,  in  Ana  de  Chiiu*  L  117; 
Bucbolz  ftnothefp  in  Gehlcn's  Jour,  il  282,  and  iii.  201 ;  Ricbter  a  fifth. 
Ibid*  iii,  244;  and  Proust  a  sixth,  Ana  de  Chim-  Ix.  275.     Since  thai  lime 

.      wc  have  new  processes  by  Laugier,  Bert  bier,  Mill,  and  Wohler. 

I         ^  Ciehlen^s  Journal,  iii.  244. 
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ciwp.  ni.    Tupputi.*     About  the  some  time  an  elaborate  analysis  of  its 
oxides  was  made  by  RothofF.f 

Bow  (Ataiiw  Tupputi's  mode  of  obtaining  pure  nickel  is  as  follows :  The 
impure  metallic  substftnce  to  be  met  with  in  commerce  called  . 
speissj  is  to  be  reduced  to  powder  and  digested  in  2^  times  its 
weight  of  nitric  acid  diluted  with  an  equal  weight  of  water* 
When  the  action  is  at  an  end,  filter  the  solution  in  order  to  get 
rid  of  a  quantity  of  arsenious  acid  which  exists  in  it  in  the 
state  of  a  powder.  Evaporate  the  liquid  to  ^th  of  its  bulk ; 
more  crystals  of  arsenious  acid  will  £Edl ;  let  them  be  separated 
by  a  filter.  Then  into  the  liquid,  still  hot,  drop  by  degrees  a 
solution  of  carbonate  of  soda  till  the  precipitate  which  fidls 
begins  to  assume  a  green  colour4  Then  filter  the  liquid,  dilate 
it  with  a  good  deal  of  water,  and  add  an  excess  of  acid,  and  pass 
through  it  a  current  of  sulphuretted  hydrogen  gas  in  order  to 
precipitate  the  whole  of  the  arsenic.  It  falls  in  the  state  of 
yellow  flocks.  When  it  has  been  all  thrown  down,  filter  again 
^  and  add  a  sufficient  quantity  of  potash  to  precipitate  the  oxide 
of  nickel  which  now  remains  combined  with  nitric  add.  Mix 
this  oxide  with  3  per  cent,  of  resin,  make  it  into  a  paste  with 
oil,  and  expose  it  to  the  most  violent  heat  of  a  forg^  in  a  char- 
coal crucible.  A  metallic  button  of  pure  nickel  will  be  obtained* 
Berthier  has  paid  great  attention  to  the  preparation  of  nickel, 
and  has  made  us  acquainted  with  various  processes  by  which  it 
can  be  effected.  But  the  one  which  he  considers  as  the  best 
and  cheapest  is  the  following :  Speiss,  which  is  chiefly  arseniet 
of  nickel,  mixed  with  three  or  four  other  metals,  is  the  substance 
from  which  nickel  is  to  be  obtained.  Reduce  the  speiss  to  pow- 
der, and  mix  it  with  twice  its  weight  of  litharge,  and  fiise'  it 
rapidly  in  a  wind  furnace.  On  cooling  we  obtain  a  mass  of  lead, 
a  new  speiss,  and  scoriae.  The  new  speiss  is  very  nearly  freed 
from  all  the  foreign  metals.  And  by  repeating  the  process  we 
convert  it  into  pure  arseniet  of  nickel.  The  same  purification 
is  accomplished  by  fusing  the  speiss  repeatedly  with  half  its 
weight  of  saltpetre.  By  these  processes  the  speiss  loses  rather 
less  than  half  its  weight  The  arseniet  is  now  roasted  to  drive 
oflF  as  much  of  the  arsenic  as  possible.  The  roasted  ore  is 
mixed  with  the  tenth  of  its  weight  of  metallic  iron,  and  digested 
in  nitric  acid  to  which  a  little  muriatic  acid  is  added  from  time 

*  Ann.  de  Chim.  Ixxviii.  133.       f  Berze1ius*s  Larbok  i  kemien,  iu  311* 
t  There  first  falls  arseniate  of  iron  in  yellowish-white  flocks,  then  arse- 

niate  of  cobalt  in  rose-red  flocks,  mixed  with  arseniate  of  copper  and  some 

arseniate  of  manganese. 
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Evaporate  the  solution  almos^t  to  dryness  to  get  rid 
of  the  excess  of  acid,  and  add  a  coosiderahle  quantity  of  water.  . 
The  greatest  part  of  the  arseniate  of  itpn  remains  in  flocks. 
The  small  quantity  contained  in  solution  is  thrown  tlown  by 
adding  carbonate  of  ammonia  to  the  solution,  drop  by  drop, 
taking  care  to  avoid  all  excess,  A  current  of  sulphuretted 
hydrogen  gas  is  now  passed  through  the  liquid^  to  tlxrow  dowi 
any  copper  or  lead  that  might  be  accidenr4Tlly  present.  The 
filtered  liquid  is  now  evaporated  to  dryness*,  and  the  residue 
ejcposed  to  a  wiiite  heat*     It  is  pure  protoxide  of  nickel,* 

Wdhler  has  proposed  the  following  method  of  purifying 
niekeL  He  mixes  powdered  speiss  with  three  times  its  weight 
of  carbonate  of  potiish,  and  as  much  sulphur,  and  fo^es  the  mix- 
ture  in  a  covered  Hessian  crucible.  The  matter  is  allowed  to 
cool  and  then  digested  in  water,  which  dissolves  liver  of  sul- 
phur,  and  leaves  a  brass  yellow  powder  which  is  sulphuret  of 
tiickeL  This  powder  is  well  washed  with  water,  and  is  now 
quite  free  from  arsenic-f 

The  sidphuret  of  nickel  thus  obtained  may  be  dissolved  in  a 
mixture  of  nitric  and  sulphuric  acid,  and  a  stream  of  sidphuretted 
hydrogen  gas  may  be  passed  through  the  liquid,  to  throw  down 
any  copper  that  may  happen  to  be  present.  We  may  then 
throw  down  the  protoxide  of  nickel  by  means  of  an  alkidine 
carbonate,  and  reduce  it  to  the  metallic  state  by  exposure  to  a 
high  temperature  in  a  charcoal  crucible. 

The  process  wliich  I  liave  been  accustomed  to  follow  is  rather 
easier  than  any  of  the  preceding,  and,  1  believe,  equally  effica- 
cious. It  is  as  follows :  Reduce  speiss  to  a  coarse  powder, 
and  digest  it  in  dilute  sulphuric  acid  to  which  enough  of  nitric 
acid  has  been  added  to  occasion  a  brisk  effervescence-  Con- 
centrate the  solution  and  set  it  aside.  Fine  green  coloured 
cryslsils  of  sulphate  of  nickel  are  deposited.  Dissolve  these 
cryBtals  in  w^ater,  and  pass  a  stream  of  sulphuretted  hydrogen 
gm  through  the  solution,  in  order  to  throw  down  a  little  copper 
which  is  usually  present.  Then  crystallize  a  second  time, 
Redissolve  in  water,  and  tlirow  down  the  oxide  of  nickel  by  an 
alkali  or  alkaline  carbonate. 

By  tliis  process  of  mine  nickel  is  freed  from  every  impurity, 
except  a  little  cobalt  which  speiss  usually  contains,  and  which 
none  of  the  preceding  steps  has  eliminated.  Two  methods  of 
separating  this  cobalt  have  been  suggested,  both  of  which  are 

•  Ann.  de  Cliiin.  et  de  Phys.  xxxiii,  49, 
t  Poggendorfa  Anniileii,  vi,  227. 
U  2  M 
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cbaik  III.    easy.     The  first  method  is  this :     Convert  the  oxide  of  nickd, 
supposed  to  contain  cobalt,  into  oxalate,  and  dissolve  the  (mhle 
in  dilute  ammonia.     Leave  the  solution  exposed  to  the  air ;  tk 
nickel  is  deposited  in  the  state  of  ammonio-oxalate,  while  tk 
cobalt  remains  in  solution  giving  it  a  red  colour.     The  rosn 
is  that  both  of  these  ammouio-oxalates  are  soluble  in  i 
but  only  the  ammonio-oxalate  of  cobalt  is  soluble  in  vnus.'  , 
The  other  method  is  to  mix  the  oxide  of  nickel  conaiflf  j 
cobalt  M'ith  water,  and  to  pass  a  current  of  chlorine  gas  Hao^ 
it  for  some  time.     The  cobalt  is  converted  into  peroxideiU 
remains  undissolved  in  the  state  of  a  black  powder,  but  tbecsii  J 
of  nickel  dissolves  and  forms  a  solution  of  muriate  of  nidft  | 
This  process  M'as  suggested  by  Berthier.      A  good  deJ  rfi  I 
nickel  remains  also  undissolved  in  the  state  of  peroxide. 

Dobereiucr  assures  us  that  if  oxalate  of  nickel  be  piiti8iii| 
glass  tube,  and  exposed  to  the  heat  of  a  spirit  lamp,  tiUefClj 
thing  volatile  has  been  driven  off,  the  ash  gray  powderiiB'| 
remains  is  pure  metallic  nickeL  Oxalate  of  cobalt  mf '  I 
reduced  in  the  same  way.f 

P»vOTt>*^         I.  Nickel,  when  pure,  is  of  a  fine  white  colour  reseBlSDrl 
silver ;  and,  like  tliat  metal,  it  leaves  a  white  trace  i^  ^\ 
bed  upon  the  polished  sur£eu^e  of  a  hard  stone.]:     Itisn^^l 
softer  than  iron.    Its  specific  gravity,  according  to  Ricliter.^l 
being  melted,  is  8*279;  but  when  hammered,  it  becomes  6^1 
But  Tourtc  found  the  specific  gravity  of  Richter's  nickels  ~^ 
and  when  strongly  hammered  itwas  as  high  as  8*9S2.{  A( 
ing  to  Tuputi,  whcMi  fused  it  is  8*380,  and  after  beinf^ 
mereil  it  is  as  high  as  S-SSO.^     I  obtained  it  from  thesJ^j 
of  the  specific  gravity  8*03;  but  it  contained  carbon, 
malleable  both  cold  and  hot;  and  may  without  difficuiy' 
hammered  out  into  plates  not  exceeding  the  ^^  part  of  la^' 
in  thickness.**     It  is  attracted  by  tlie  magnet.     Like-^? 
may  be  converted  into  a  magnet;  and  in  that  state  f<^ 
the  north  when  freely  suspended  precisely  as  a  commoa* 

*  Lankier;  Ann.  de  Chim.  et  de  Phys.  ix.  267. 
t  Schweij^i;er*s  Journal,  xwi.  384w 

t  Fourcroy,  Discours  Prcliininaire,  p.  117.  i 

$  Gehlcn*8  Joiii-n;il,  iii.  252.  [ 

i|  Gchlen*8  Journal  fur  die  Chemie,  Phystck  und  Mlncnli^*^'! 
From  Lanipadius*  experiments  it  appears  that  this  nickel  contained «^f 
arsenic.     Tromsdorra  Journal,  xvL  49,  as  quoted  by  TuputL  F 


^  Ann.  de  Chim.  Ixxviii.  140. 
••  Richter,  Gehlen's  Jour.  iii.  252. 
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A  ceo  rding  to  Lfmipacliiis,  its  magfiefS^iiergy   ''"oUy  in: 
IB  to  tliat  of  iron  as  35  to  55. f     It  requires  for  fusion  a  very  __ 
high  temperature-J     It  has  not  hitherto  been  crj^stallized.     It 
is  not  altered  liy  exposure  to  tlie  air,  nor  l>y  keeping  it  under 
water.§       From  the  experiments  of  Tuputi,  it  appears  tliat 
preparations  of  nickel  possess  poisonous  qualities, || 

II.  Nickel,  when  moderately  heated,  is  soon  tarnished;  and  t>»id««. 
from  the  observations  of  Tourte,  it  appears  that  it  runs  through 
nearly  the  same  changes  of  colour  that  steel  does  when  tem- 
pered. It  becomes  first  light-yellow,  then  deep-yeJlow,  light 
violet-blue,  and  hist  of  all  grayish-hlue.il  It  is  capable  of 
combining  with  two  proportions  of  oxygen,  and  of  forming  two 
oxides.  Tlte  protoxide  is  hi€H'fit'sh  ash  gray^  the  peroxide  black, 

1*  By  exposure  to  heat,  liowever  long  continued,  Tuputi  was  Protoxide 
not  able  to  oxidize  this  metal  completely.  The  protoxide  is 
liasily  procured  by  dissolving  nickel  in  nitric  acid,  and  throw- 
ing it  down  by  potash,  and  after  washing  the  precipitate,  dry- 
ing it  and  heating  it  to  rc^dness.  The  colour  of  this  oxide  is 
asb-gray,  it  is  not  magnetic  and  dissolves  very  readily  in  acids, 
but  is  insoluble  in  caustic  fixed  alkalies-  Caustic  ammonia 
dissolves  it,  and  the  solution  lias  a  fine  sky-blue  colour,  and  is 
precipitated  by  caustic  potiish,  soda,  barytes,  strontian,  or  lime, 
WTien  we  attempt  to  separate  this  oxide  from  bodies  insoluble 
in  ammonia  by  means  of  that  alkali,  we  find  that  a"  portion  of 
il  always  remains  attached  to  tlie  insoluble  bjise,  which  pre- 
vents us  from  succeeding  in  our  object,  I  have  shown  by  a 
c^areful  analysis  of  snlphatc  of  nickel  that  the  atomic  weight  of 
dib  oxide  is  4'25»**  If  we  consider  it  as  a  compound  of 
1  atom  nickel  ,         ,         3'25 

1  atom  oxygen        .         .         1 


r 


4*2d 


•  Bergman,  Klaproth,  Fourcroy,  Ricliter.  &c. — Mr.  Cljeiievijt  had  an- 
nounced a  melhoj  of  procuring  nickel  which  was  not  magnetic ;  but  he 
afterwards  ascertained,  that  it  owed  this  peculiarity  to  the  presence  of 
■ncnic. 

f  AjinaU  of  Philosophy,  v,  62. 

X  Accordmg  to  Hichter,  its  iTieltiog  point  is  aa  high  as  that  of  manganeite, 
Tuputi  tiiinks  jt  rather  lower*  I  have  reduced  oxidt:  of  nickel  in  a  heat 
which  bad  no  effect  on  carbonate  of  manganese. 

$  Richter,  Ibid. 

I  Ann.  de  Chim.  Ixxv.  I8S. 

^  Oehlen*s  Journal,  fiir  die  Chemie,  PhyHik,  &c*  vii,  443* 
••  Firm  Principles,  i.  358. 


portion  is  dissolved,  and  die  rest  aoqiiires  a  blaifik 
oxide  is  soluble  in  ammonia  as  well  as  the  last;  but 
is  accompanied  with  effervescence,  owingr  ta  Ac 
tion  of  a  part  of  the  ammonia  by  the  combination 
gen  with  part  of  the  oxygen  of  the  oxide.  A  sin 
coiiee  accompanies  its  solution  in  acids,  occasiimedl 
tion  of  a  portion  of  its  oxygen  in  the  state  of  gas.f  Fi 
riments  of  Rothoff,  it  appears  that  this  oxide  coBit 
as  much  oxygen  as  the  protoxide.  Hence  it  is  a 
1    atom  nickel  ,         .  3-25 

U  atom  oxygen         •         .  1-5 

4-7S 

so  that  its  atomic  weight  is  4*75. 

When  the  protohydrate  of  nickel  is  treated  wil 
of  hydrogen  a  dark  green  matter  is  formed,  which  1 
examined,  but  which  Thenard  considers  as  conl 
oxygen  than  the  black  oxide. 

Chloride.  III.  Nickel  does  not  bum  when  introduced  into < 

Its  oxide  is  not  altered  though  heated  to  redness 
But  the  chloride  of  nickel  may  be  formed  by  lean 
contact  witli  chlorine  gas,  or  by  subliming^  dry  muri 
It  is  an  olive-coloured  substance,  the  properties  d 
not  been  examined. 

Iodide.  IV.  The  bromides  and  iodides  of  nickel  have  n 


1    atom  iodine 
H  atom  nickel 

U'75 

3^875 

FAmUy  ItL 


19-625 
Nor  is  any  tbing  known  respecting  the  compounds  which  it  may 
be  aipal)le  of  forming  with  hydrogen  and  azote. 

V.  It  combines  with  carbon  and  forms  a  carburet.  Indeed,  Cmrtiurct, 
as  usually  prepared  it  in  never  destitute  of  carbon.  Mr.  Mill 
has  given  the  following  process  for  preparing  carburetof  nickel: 
Let  native  arseniet  of  nickel  be  finely  pounded  and  mixed  witli 
cliarooal  also  pounded,  and  exposed  to  a  dull  red  heat  for  two 
hours  in  a  flat  bottomed  crucible.  Blow  off  the  charcoal  with 
a  pair  of  bellows  and  dissolve  the  nickel  in  nitro-sulphuric  acid, 
evaporate  and  crystallize.  Pick  out  the  finest  crystids,  and  mijc 
tliem  with  a  small  portion  of  borax  and  charcoal  powder,  and 
fiise  them  in  a  crucible  for  a  quarter  of  iui  liour  in  a  strong  red 
beat»     Break  the  crucible,  and  a  button  will  be  found  having  a 

tjilFong  metallic  lustre,  very  fusible  and  magnetic**  Tliis  but- 
foti  Mr.  Mill  considers  as  a  ciu-buret,  but  it  undoubtedly  con- 
tains sulphur.     In  feet  it  ought  to  be  a  sulphuret  composed  of 


I 


1  atom  nickel 
I  atom  sulphur 


3-2£ 


5*25 


The  plumlxago  looking  substaiioe  formed  by  Mr.  Ross  in  his 
attempt  to  obtain  nickel,  may  have  been  a  carburet  of  nickel; 
but  unfortunately  it  has  not  undergone  a  chemical  examina- 
tion.f  Mr.  IrvingJ  it  seems  had  obtained  the  same  8ul>«tauce 
several  years  before.  In  my  trials,  probaijly  because  my  fur- 
nace produced  a  higher  tempeniture*  I  always  obtained  a  button 
of  Bickel  perfectly  fused  ;  but  contaiiung  some  carbon. 

VI.  Phosphuret  of  nickel  may  be  formed  either  by  fusing 
niekel  along  with  idiosphorie  glass^  or  by  dropping  phosphorus 
into  it  while  red-hot<  It  is  of  a  white  colour ;  and,  when  broken^ 
it  exhil>its  the  appearance  of  very  slender  prisms  collected 
together.  ^W^ien  heated,  the  phosphorus  burns,  and  the  metal 
mi§  oxidated.  It  is  composed  of  8*3  parts  of  nickel  and  17  of 
^Skisphorus.§  This  is  exactly  3  atoms  nickel  and  I  atom  phos- 
umbras.  The  nickel,  however,  on  which  this  experiment  was 
made,  was  not  pure. 

According  to  Lampadius  it  is  composed  of  100  nickel  +  15 

♦  Aoottk  of  Philosophy  (2d  scries),  iii.  20U  f  IhkK  ii.  62. 

I  tbid.  p.  1*9,  §  Pclleticr,  Ann.  de  Chim.  liii.  135. 
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<^>>^iiL    phosphorus,  or  4  atoms  nickel  4.  1  atom  phosphorus.     It  is 

tin-white,  according  to  him,  and  has  the  metallic  lustre.     It  is 

moderately  hard  and  very  brittle.     Its  fracture  is  foliated,  and 

it  is  not  attracted  by  the  magnet* 

8aipJ«tfe*fc        VII.  Two  compouuds  of  sulphur  and  nickel  have  been  formed 

by  chemists,  namely,  sulphuret  and  disulphuret 
1.  suiphiint  1.  Sulphuret  of  nickel  exists  native,  and  is  known  to  mine- 
ralogists by  the  name  of  haarkies.  It  occurs  at  Johangeoigen- 
stadt  and  Joachimsthal  in  delicate  capillary  crystals,  of  a  brass 
yellow  colour.  It  is  brittle,  and  before  the  blowpipe  easily 
melts.  It  dissolves  in  nitromuriatic  acid  without  any  other 
residue  than  a  little  sulphur.  Arfvedson  analyzed  it  and  found 
its  constituents 

Nickel  .         .         .         64-35 

Sulphur         .         ...         34-26 


98-61t 


This  is  obviously  proportional  to 

1  atom  nickel  .         .         3-25 

1  atom  sulphur         .         .         2 

5-25 

if  we  suppose  the  loss  to  have  been  sulphur,  which  it  probably  was. 
The  same  sulphuret  may  be  formed  by  passing  a  current  of 
diy  sulphuretted  hydrogen  gas  over  oxide  of  nickel,  heated  to 
redness  in  a  glass  tube.  When  thus  formed  it  has  a  dark  gray 
colour ;  and  is  not  in  the  least  attracted  by  the  magnet:^ 
sLDtouiphu-  2.  When  a  current  of  dry  hydrogen  gas  is  passed  over  anhy- 
drous sulphate  of  nickel  heated  in  a  glass  tube  to  incipient  red- 
ness, one-half  of  the  sulphur  passes  off  partly  in  the  state  of 
sulphurous  acid,  and  partly  in  that  of  sulphuretted  hydrogen 
gas.  The  sulphuret  formed  has  a  pale  yellow  colour,  and 
when  burnished  assumes  the  metallic  lustre.  It  is  brittle,  and 
is  attracted  rather  strongly  by  the  magnet.  When  dissolved 
in  nitric  acid  it  leaves  a  residue  of  sulphur.§  It  is  obvious  from 
Arfv^edson's  analysis  that  this  substance  is  a  disulphuret  of  nickel 
or  a  compound  of 

2  atoms  nickel  .         .         6*5 
1  atom  sulphur         .         .         2 

8-5 

*  Annals  of  Philosophy,  iv.  63.  f  '*>»d'  (^d  series),  vii.  340. 

t  Arfvedson,  ibid.  p.  339.  §  Ibid.  p.  338. 
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VII L  Nothing  is  known  reBpecting  the  combinations  which  FamUfiiL 
nickel  rnay  be  capable  of  forming  with  selenium  and  tellurititn.      " 

IX,  With  arsenic  nickel  combines  in  two  proportions  form- 
ing an  arMfiiet  and  dmrsenii'L 

1*  Arsenic t  of  nickel  occurs  native,  and  is  the  mineral  known  AnMnkt^J 
by  the  name  of  coppcntkkeL  It  ha.s  a  copper  red  colour,  iii 
brittle,  has  a  specific  gravity  of  7*29j  is  not  magnetic,  and  melt^ 
at  a  red  heat.  What  Ls  called  speiss  seems  to  be  nothing  else 
than  impure  coppernickel  which  has  been  fused.  This  com- 
pound, when  pure,  consists  of 

I  atom  nickel  .         ,         3-25 

1  atom  arsenic        .         .         4-75 


8o  that  its  atomic  weight  is  8.  This  arseniet  is  easily  made 
artificially  by  heating  nickel  and  arsenic  together.  Arsenic  has 
the  curious  property  of  depriving  all  magnetic  metals  of  their 
property  of  becoming  magnetic, 

2.  When  arseniate  of  nickel  is  heated  in  a  crucible  lined 
with  charcoal  it  is  converted  into  ii  dmrsaiief^  which  has  a 
grayish-white  colour  withont  any  shade  of  red,  is  brittle,  and 
has  a  granular  texture.  Like  the  other  arseniet  it  is  not  in  the 
least  magnetic* 

X.  When  one  part  of  nickel  in  powder  and  2  parts  of  anti- 
mony are  heated  together  to  redness,  they  form  a  dark  gray 
metallic  powder.f 

XL  Equal  quantities  of  molybdenum  and  nickel  melted  into 
a  button,  internally  of  a  light-gray  colour,  yielding  somewhat 
to  the  hammer  before  it  broke,  and  exhibiting  a  gmnylur  tex- 
ture. It  was  not  magnetic,  and  did  not  melt  before  the  blow- 
pipe. When  the  proportion  of  molybdenum  is  increased,  the 
fusion  of  the  alloy  becomes  more  dilficnlt;  in  other  respect*,  its 
properties  continue  nearly  the  stnne.J 

XII.  We  iure  ignorant  of  the  alloys  which  nickel  is  capable 
of  forming  witli  tlie  metiillic  bases  of  the  fixed  alkalies,  alkaline 
earths  and  earths  proper.  It  combines  readily  with  iron  i  but 
the  properties  of  the  alloy  have  not  been  examined.  Accord- 
ing to  LampadiiLS  an  alloy  of  5  parts  nickel  and  2  parts  iron  is 
moderately  hard,  quite  malleable,  and  has  the  colour  of  steeK§ 

•  Bi'rthier;  Ann.  de  Chinu  et  de  Phya.  xiii.  60.  f  Oehlen. 

t  Crcirs  Annals,  p.  367.  §  Annals  of  PhUast>i)hy,  v,  62* 


luuuu  uu  1  /  9o^  wueu  a  puptrr  uu  it  wa»  puoiisnea 
saert  ||  In  the  year  1 800,  a  new  set  of  experiment 
upon  it  by  the  School  of  Mines  at  Paris,  in  order  t 
perfectly  pure,  and  to  ascertain  its  properties  ^ 
statc.K  In  1 802,  a  new  series  of  trials  was  publisl 
nard,  which  throw  considerable  light  on  its  combi 
oxygen.**  And  in  1806,  Mr,  Proust  published  a 


*  The  word  cobiUt  seems  to  be  derived  from  cobaimt,  whidi 
of  a  spirit  that,  according  to  the  supentidouB  notions  of  the 
mines,  destroyed  the  labours  of  the  mmers,  and  often  gare  tb 
of  unnecessary  trouble.  The  minen  probably  gave  this  name 
out  of  joke,  because  it  thwarted  them  ai  much  as  the  rapp 
exciting  fiilse  hopes,  and  rendering  their  labour  often  fruideH 
not  known  at  first  to  what  use  the  mineral  could  be  applied* 
aside  as  useless.  It  was  once  customary  in  Germany  to  intr 
church-service  a  prayer  that  God  would  preserve  miners  ai 
from  kobaks  and  spirits.    See  Beckman'a  History  of  laventifl 

Mathesius,  in  his  tenth  sermon,  where  he  spei^  of  eadmim 
bly  cobalt  ore),  says,  "  Ye  miners  call  it  cobaU  ;  the  GermaiM 
devil  and  the  old  devil's  whores  and  hags, old  and  black  htbel^ 
witchcraft  do  injury  to  people  and  to  their  cattle.** 

Lchmann,  Paw,  Delaval,  and  several  other  philosophers^  1 
that  small  (oxide  of  cobalt  melted  with  glass  and  pounded) 
the  ancients,  and  used  to  tinge  the  beautiful  blue  glass  still 
of  their  works ;  but  we  learn  from  Gmeliuj  who  analysed 
pieces  of  glass,  that  they  owe  their  5Aitf  colour,  not  to  the  pee 
but  of  iron. 

According  to  Lehmann,  cobalt  ore  was  first  used  to  »m 
Christopher  Schurer,  a  glassmaker  at  Flatten,  about  the  ya 

t  Acta  Upsal.  1733  and  1742. 


rimeiits  upon  the  same  sul>ject.*  Considerable  attention  has 
been  btely  pmd  to  the  purification  of  this  metal;  but  hitherto 
no  one  seems  to  have  been  fortunate  enough  to  hit  upon  a 
methcHl  altogether  free  from  objections.^ 

As  cobalt  in  the  metallic  state  has  not  been  applied  to  any 
useful  purpose,  chemists  to  procure  it  are  obliged  to  extract  it 
from  its  ore.  The  most  abundant  of  these  ores  is  cobalt  glance^ 
which  occurs  at  Tunaberg  in  Sweden,  and  in  which  the  cobalt 
is  united  with  sulphur  and  ar>*enic.  Many  processes  have  been 
contrived  to  extract  pure  cobalt  from  tins  ore.  The  following 
is  perhaps  one  of  the  easiest 

Reduce  the  ore  to  powder,  and  roast  it  in  a  moderate  heat  to 
get  rid  of  a  portion  of  the  sulphur  and  arsenic  which  it  con- 
tains. Then  dissolve  it  iu  nitric  acid  and  evaporate  the  solu- 
tion to  drjTiess,  mid  digest  the  dry  mass  in  water.  A  quantity 
of  arseniate  of  iron  remains  undissolved.  If  the  ore  contains 
no  iron  it  would  be  au  improvement  to  add  a  little  of  it  before 
dissolving  the  ore  in  nitric  acid.  Filter  off  the  aqueous  solu- 
tion,  and  pour  into  the  liquid  a  quautit^^  of  binoxalate  of  pot^ 
ash  dissolved  in  water.  Iu  a  few  hours  the  wliole  cobalt  pre- 
cipitates in  the  state  of  oxalate.  Digest  this  oxalate  in  ammo- 
nia,  which  ^^n^\  dissolve  it  and  set  the  solution  aside  in  an  open 
vessel  till  the  excess  of  ammonia  has  had  time  to  be  dissipated. 
The  oxalate  of  nickel,  if  any  was  present,  will  precij>itatej  and 
the  oxalate  of  colmlt,  in  a  state  of  purity,  will  remain  in  solu* 
tion.  Evaporate  to  dryness,  and  expose  the  oxalate  of  cobalt 
thus  obtained  to  a  red  heat  iu  a  covered  vessel.  The  cobalt  is 
reduced  to  the  metallic  state,  and  when  exposed  to  a  violent 
heat  in  a  crucible  covered  widi  a  little  borax,  it  may  be  fused 
into  a  mass  of  eobalt4 

I,  Cobalt  is  of  a  gniy  colour  witli  a  shade  of  red,  and  by  no 
means  brilliant.  Its  texture  varies  according  to  the  heat 
employed  in  fusing  it.  Sometimes  it  is  composed  of  plates, 
•cvmetimes  of  grains,  and  sometimes  of  small  fibres  adlieriug  to 
«ach  other.§     It  has  scarcely  any  taste  or  smell. 

It  is  rather  soft.  Its  specific  gravit)^,  according  to  Tassaert^ 
JB  8'5384.|)     According  to  Liunpadius  it  is  8'7.f     It  is  brittle, 

•  Ann.  de  Chm  Ix,  9.m, 

t  See  Richter,  Gehlcn*s  Jour.  ii.  53;  Bucholz,  Ibid  iiL  201;  Philips, 
Pbtl.  Mug.  xvi.  312. 

i  This  proceRs  \%  nearly  that  of  Quesnevillc,  janr.  See  Ann.  de  Chim. 
etde  Phjfl.  xlii.  111. 

^  L'Ecole  des  Mines.  ;[  Ann.  de  Chisn.  xxviit.  99. 

f  As  quoted  by  Bcrzclius  \  Larbok  i  Kcffljen,  ii.  ^5.    Bergman  and  the 
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aiap.ni.  and  easily  reduced  to  powder;  but  if  we  believe  Leonhardi,  it 
is  somewhat  malleable  when  red-hot  Its  tenacity  is  unknown. 
When  heated  to  the  temperature  of  130°  Wedgewood,  it 
melts  ;*  but  no  heat  which  we  can  produce  is  sufficient  to  cause 
it  to  evaporate.  When  cooled  slowly  in  a  crucible,  if  the  ves- 
sel be  inclined  the  moment  the  surface  of  the  metal  congeals^ 
it  may  be  obtained  crystallized  in  irregular  pri8ms.f 

Like  iron,  it  is  attracted  by  the  magnet ;  and,  from  die  expe- 
riments of  Wenzel,  it  appears  that  it  may  be  converted  into  a 
magnet  precisely  similar  in  its  properties  to  the  common  mag- 
netic needle. 

It  dissolves  very  slowly  in  diluted  sulphuric  and  muriatic 
acids  with  the  evolution  of  hydrogen  gas :  but  nitric  acid  dis- 
solves it  readily  witli  the  evolution  of  deutoxide  of  azote. 

QzidM.  II.  When  exposed  to  the  air  it  imdergoes  no  change,  neither 

is  it  altered  when  kept  under  water.  Its  affinity  for  oxygen 
is  not  sufficiently  strong  to  occasion  a  decomposition  of  the 
water.  When  kept  red  hot  in  an  open  vessel,  it  gradually 
imbibes  oxygen,  and  is  converted  into  a  powder,  at  first  blue, 
but  which  gradually  becomes  deeper  and  deeper,  till  at  last  it 
becomes  black,  or  rather  of  so  deep  a  blue  that  it  appears  to 
the  eye  black.  If  the  heat  be  very  violent,  the  cobalt  takes 
fire  and  burns  with  a  red  flame. 

Two  different  oxides  of  cobalt  have  been  examined  and 
described  by  chemists,  and  from  the  late  observations  of  M.  L. 
Gmelin,  there  is  reason  to  suspect  that  there  exists  a  third 
oxide  which  possesses  acid  properties. 

1.  Protoxide.  1.  The  protoxide  of  cobalt  may  be  obtained  by  dissolving 
cobalt  in  nitric  acid,  and  precipitating  the  cobalt  from  the  solu- 
tion by  means  of  potash.  The  precipitate  has  a  blue  colour, 
but  when  dried  in  the  open  air  it  gradually  becomes  greenish. 
This  powder  is  to  be  kept  for  half  an  hour  in  that  degree  of 
heat  known  to  manufacturers  of  iron  utensils  by  the  name  of 
cherry-red.  This  heat  expels  the  oxygen  which  it  had  absorbed 
in  drying,  and  converts  it  into  a  fine  blue  colour.  This  oxide 
dissolves  in  acids  without  effervescence.  The  solution  of  it  in 
muriatic  acid,  if  concentrated,  is  green ;  but  if  diluted  with 
water,  it  is  red.     Its  solution  in  sulphuric  and  nitric  acids  is 

French  chemists,  and  Hatchett,  state  the  specific  gra\'ity  as  7*7 ;  but  their 
specimens  were  obviously  impure. 

*  I  have  some  doubts  about  the  accuracy  of  this  statement.  Cobalt  does 
not  melt  in  a  temperature  at  which  nickel  may  be  fused  into  a  button. 

t  Fourcroy,  v.  137. 
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of  a  red  colour.*     It  g-ives  a  beautiful  blue  colour  to 
and  h  used  for  piuntinji^  blue  or  stone-ware.     It  is  soluble 

I      in  caustic  and  carbonated  ammonia,  and  the  solution  lias  a  red 
colour,  and  is  not  precipitate<l  by  caustic  potash.     It  dissolves 
\      in  caustic  potash,  and  the  solution  lias  a  blue  colour.      It  is 
thrown  down  unaltered  by  dilution  with  water,  iind  in  the  state 
I:      of  deutoxidc  when  the  solution  is  exposed  to  the  air, 
[  I  have  shown,  by  an  analysis  of  tlie  ueutrai  sulphate  of  cobalt, 

I      that  the  atomic  weight  of  this  oxide  is  4*255  or  precisely  the 
same  as  that  of  protoxide  of  uickeLf     As  it  is  obviously  a 
compound  of 
I  1  atom  cobalt  .         .         3-25 

^^^^^  1  atom  oxygen  1 

the  at( 


FunJIy  ni. 
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4*25 


the  atomic  weight  of  cobalt  must  be  3*25,  or  the  same  with  that 
of  nick  el. 

According  to  RothofF,  this  oxide  is  a  compound  of 
Cobalt        .         .         ,         .         100 
Oxygen  .         .         .  27  097 

Tills  would  make  the  atom  of  cobalt  3'69 1 .  Berzeliiis  has  fixed 
it  at  3*68991  ;  but  without  assigning  any  reason  for  deviating 
from  the  estimate  of  Rothoff,  which  he  professes  to  follow* 

2*  When  the  protoxide  of  cobidt,  newly  precipitated  from 
an  acid,  Ls  dried  by  heating  it  in  the  open  air,  it  assumes  a  flea- 
brown  colour,  which  gradually  deepens  till  at  last  it  become 
black*  This  is  the  peroxide  of  cobalt.  It  may  be  formed  also 
by  passing  a  current  of  chlorine  gas  through  water,  in  which 
the  protoxide  is  suspended,  or  by  agitatuig  the  protoxide  ui  a 
saturated  solution  of  chloride  of  lime.  It  dissolves  in  none  of 
the  acids  except  the  muriatic,  and  during  its  solution  in  that 
acid  much  chlorine  gas  is  exhaled.  Its  specific  gravity,  as 
determined  by  Mr  Harepath,  is  5-322, 

According  to  the  experiments  of  Rothoff,  it  contains  1^  times 
as  much  oxygen  as  the  protoxide.     Ilence  it  consists  of 
I     atom  cobalt  ,         .         3*25 

H  atom  oxygen  .         .         l-S 


idc. 


4-75 

Its  atomic  weight  is  4*75,  and  it  resembles  deutoxide  of  nickel 
in  its  constitution  as  it  agrees  with  it  in  atomic  weight. 

•  Ann.  de  Chim.  xlii.  213. 

f  Annals  of  Philosophy  (2d  serie«)j  i.  250. 
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<A>p>  ™*  8.  Leopold  Gmelin  is  of  opinion  that  the  protoxide  of  cobek 
,vmasu».  ^<^^  ^^  dissolve  in  ammonia,  except  when  there  is  an  acid 
present,  with  which  it  may  form  a  double  salt  When  a  neu- 
tcal  salt  of  cobalt  is  trea^ted  with  an  excess  of  ammonia,  the 
greater  part  of  the  cobalt  is  precipitated  in  the  state  of  blue 
flocks,  which  remain  undissolved  if  the  mixture  is  kept  in  a 
close  vesseL  But  if  oxygen  be  admitted  it  is  rapidly  absmbedt 
the  blue  flocks  assume  a  green  colour  and  gradually  disappear, 
while  the  solution  assumes  a  brown  colour.  When  the  salt 
employed  in  this  experimient  is  nitrate  of  cobalt,  if  we  commit 
the  ammoniacal  solution  to  a  rapid  spontaneous  evaporation, 
brown  coloured  prisms  with  square  Ittses  appear.  These  crys- 
tals Gmelin  considers  as  a  compound  of  nitrate  of  ammonia  and 
cobaUate  of  ammonia.  The  protoxide  of  cobalt,  according  to 
him,  absorbs  a  quantity  of  oxygen  equal  to  what  it  previously 
contained,  and  is  thus  converted  into  a  new  oxide  possessed  irf 
acid  properties,  and  which  therefore  he  calls  cobaltic  €aeieL* 
This  acid  is  obviously  a  compoimd  of 

1  atom  cobalt  .         .         3*25 

2  atoms  oxygen  .         .         2 

5-25 
I  have  observed  part  of  these  phenomena,  but  not  the  whole; 
which  makes  me  hesitate  about  the  existence  of  this  new  oxide. 
Farther  researches  are  obviously  necessary. 
hioridft  III.  Davy  found  that  cobalt  burnt  when  gently  heated  in 

chlorine  gas;  but  he  did  not  examine  the  chloride  formed. 
When  muriate  of  cobalt  is  evaporated  to  dryness  it  leaves  a 
light  red  mass,  which  when  heated  in  a  retort  allows  chloride 
of  cobalt  to  sublime  under  the  form  of  a  blue  coloured  volumi- 
nous snow.  Tliis  chloride  gradually  absorbs  moisture  from  the 
atmosphere,  and  is  converted  into  a  solution  of  muriate  of 
cobaltf  There  can  be  no  doubt  from  this  that  it  is  a  com- 
pound of 

1  atom  cobalt  •         .         3*25 

1  atom  chlorine  .         •         4*5 

7*75 

It  is  the  solution  of  this  chloride  that  constitutes  the  cele- 
brated sympathetic  ink  of  Hellot     Letters  made  by  it  have  a 

*  Annals  of  Philosophy  (2d  series),  ix.  69 ;  or  Schweigger's  Jahrbucb, 
vL  235. 
t  Proust. 
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red  coloor  while  moist;  but  when  the  paper  is  dried  the  eba-  Famiijiii, 
meters  become  bine.  "^ 

IV-  Neitijer  the  bromide  nor  iodide  of  eoUilt  has  been 
liJtherto  examined.  We  are  not  acquainted  with  any  com- 
pounds which  it  may  be  capiilde  of  formijig  with  hydrogen, 
azote,  carbon,  boron,  or  silicon < 

V.  Phosphoret  of  cobalt  may  be  formed  by  heating  the  metal  Phoiphurei, 
red-hot,  and  then  gradually  dropping  in  small  bits  of  phospho- 
rus. It  contains  about  jVtIi  of  phosphora^.  It  is  wliite  and 
brittle ;  and  when  exposed  to  the  air,  soon  loses  its  metallic 
lustre.  The  phosphorus  is  separated  by  heat,  and  the  cobalt  is 
at  the  same  time  oxidated.  This  phosplmret  is  much  more 
fusible  tlian  pure  cobalt,  • 

VL   Sulphur  readily  unites  to  cobalt,  and  from  the  researches  suii»huf»u. 
which  have  been  made,  it  appears  that  they  combine  in  three 
proportions,  forming  a  sulphnret^  sesquistdphuret^  Rndbmiipkurei 
of  cobalt, 

1.  8ulphuret  of  cobalt  may  be  formed  by  vartou-si  processes.  LSuiphi 
Berthier  obtained  it  l>y  exposing  sulphate  of  cobalt  in  a  cliar- 
eoa]  crucilde  to  a  white  heat.  It  Is  formed  also  when  a  neutral 
salt  of  cobalt  is  mixed  with  a  hydrosulphuret.  Tlie  suiphuret 
of  cal)alt  in  that  case  is  thrown  down  in  black  flocks.  Proust 
obtainefl  it  by  heating  to  redness  a  mixture  of  oxide  of  cobalt 
and  sulphur.  This  suiphuret  has  a  yellowish  wliite  colour, 
with  the  metallic  lustre,  and  j>ossesses  the  property  of  being 
attracted  by  the  magnet.  It  lias  not  beeu  accurately  analyzed. 
But  there  can  be  no  doubt  that  it  is  a  compound  of 
1  atom  cobalt  .         .         3*25 

1  atom  sulphur  .         •         2 


I 


5-25 


Sesquisulphuret  of  colmlt  was  first  formed  by  Arfvedson.  ^  SMquUwU 


He  passed  a  current  of  dry  hydrogen  gas  over  anhydrous  sul 
phate  of  cobalt  heated  to  redness  In  a  glass  tube.  Half  the 
oxide  was  reduced  to  the  metallic  state,  and  half  the  sulphur 
ejLpelled.     The  residual  matter  consisted  of 

1  atom  oxide  of  cobalt, 

1  atom  suiphuret  of  cobalt, 
probably  united  together  and  constituting  a  dark  gray  cohering 
mass,  which  dissolved  nearly  in  muriatic  acid  without  the  evo- 
lution of  gas«     Wlieu  heated  a  little  sulphuretted  hydrogen  gas 


*  Pellctier ;  Ami.  de  Chiiti.  xiiL  134. 
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Chap.  uj.  Y^^  disengaged.  The  undissolved  portion  when  heated  gave 
out  sulphur,  and  oxide  of  cobalt  remained.  A  current  of  dry 
sulphuretted  hydrogen  gas  being  passed  over  this  matter,  heated 
to  redness  in  a  glass  tube,  water  was  given  out,  and  a  sulphu- 
ret  formed  composed  of 

1    atom  cobalt  .         .         3*25 

li  atom  sulphur         .         .         3 


6-25» 
Berzelius  informs  us  that  the  same  sesquisulphuret  of  cobalt 
is  formed  when  the  deutoxide  of  cobalt  is  gently  heated  in  sul- 
phuretted hydrogen  gas.  And  from  Hisinger's  analysis  of  cobalt 
pyrites  from  Riddarhy  ttan,  it  appears  that  it  exists  native.f  It 
is  a  brittle  substance  of  a  dark  gray  colour. 
SLBimiphu.  3.  When  the  sesquisulphuret  of  cobalt  is  digested  in  muri- 
atic acid,  one-fourth  of  the  cobalt  is  dissolved  and  a  bisulphuret 
of  cobalt  remains.  M.  Setterberg  succeeded  also  in  forming 
the  same  bisulphuret,  by  mixing  together  1  part  of  carbonate 
of  cobalt,  and  1^  of  sulphur,  and  heating  the  mixture  in  a  small 
glass  retort,  taking  care  that  the  temperature  was  much  below 
a  red  heat.  Water,  carbonic  acid,  and  sulphurous  acid  were 
given  out,  and  bisulphuret  remained.  This  bisulphuret  is  a 
black  powder,  destitute  of  lustre.  It  is  not  acted  on  by  alkalies 
nor  acids  with  the  exception  of  nitric  acid  and  aqua  regia.  At 
a  red  heat  it  gives  out  sulphur,  and  is  converted  into  sesquisul- 
phuret. It  is  evident  from  Setterberg's  analysis  that  it  is  a 
compound  of 

1  atom  cobalt  .         .         3*25 

2  atoms  sulphur         .         .         4 

7-25$ 
VII.  Cobalt  readily  absorbs  selenium  when  assisted  by  heat 
When  the  compound  is  heated  to  redness,  it  melts,  gives  out 
its  excess  of  selenium,  and  forms  a  gray  coloured  mass,  having 
the  metallic  lustre,  and  a  foliated  fTacture.§ 
AxMoiet  VIII.  When  a  mixture  of  2  parts  of  cobalt  in  powder,  and 

3  parts  of  arsenic  in  powder  are  heated,  they  combine  with  the 
evolution  of  a  red  light  into  a  blackish-gray  porous  mass.|| 
The  affinity  between  cobalt  and  arsenic  is  strong.     Almost 

•  Arfvedson  ;  Annals  of  Philosophy  (2d  series),  vii.  337. 

t  Afhandlingar,  iii.  316.     X  Kong.  Vetens.  Acad.  Handl.  1825,  p.  211. 

§  Ann.  de  Chim.  Ix.  272.     ||  Oehlen. 


ZINC. 

all  the  native  cobalt  ores  contain  arsenic.  It  is  found  native, 
combined  with  arsenic  in  three  proportions  forming  a  scsqimr- 
■eniet^  binarseniet,  and  terarseniet  of  cobalt.  These  ores  have 
been  described  by  mineralogists,  though  they  do  not  seem  to 
be  aware  of  the  nature  of  tlieir  respective  compounds. 

IX.  One  part  of  cobalt  j>owder  and  two  parts  of  antimony 
nnite  when  heated  into  an  iron-gray  substance,  which  exhibits 
the  metallic  liMre  when  burnislied.* 

X*  Equal  parts  of  cobalt  and  molybdenum  melted  into  a 
button  of  a  gray  colour,  brittle,  and  of  difficult  fusion.  Two 
parts  of  cobalt  and  four  of  molybdenum  gave  an  alloy  of  a 
sparkling  reddLsh-gray  colour,  hard,  brittle,  not  attracted  by  the 
magnet}  internally  granular,  and  of  a  bluish-gray  eolour.f 

XL  The  alloy  of  iron  and  cobalt  is  very  Iiard,  and  not  easily 
broken*  Cobalt  generally  contains  some  iron,  from  \^'hich  it 
ig  with  great  dilheulty  separated. 

The  remaining  combinations  of  this  metal  with  simple  bodies 
are  still  unknowo* 


Fwnlly  IV; 
Scctt 
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FAMILY  IV.  EASILY  FUSIBLE  BASES. 
This  family  contains  eig!it  metals,  which  are  all  easily  reduced 
to  the  metallic  state.  Indeed  the  greater  number  of  them  melt 
at  a  heat  either  below  or  very  little  above  tlie  commencement 
of  ignition,  Tliey  may  all  be  fused  in  a  common  fire  except 
copper :  and  even  copper  may  be  melted  in  a  common  fire 
when  urged  by  bellows.  They  are  precipitated  from  their 
solutions  in  acids  in  the  metallic  state  in  the  order  according  to 
which  they  are  placed  in  the  fi^llowing  sections.  Zinc  precipi- 
tates all  the  others,  but  is  not  itself  precipitated  by  any  of  them. 
Lead  precipitates  all  except  zinc  and  cadmium.  Tin  all  except 
zinc  and  lead.  Copper  precipitates  only  bismuth,  mercury, 
and  silver;  and  mercury  precipitates  only  silver.  8ilver  is 
precipitated  by  all  the  rest,  but  does  not  itself  pre ci pi t;ite  any 
of  the  others.  These  eiglit  metitis  will  constitute  the  subject 
of  the  eight  following  sections, 

SECTION  r. — OF  ZINC* 

The  ancients  were  acquainted  ^nth  a  mineral  to  which  they  BWtof^. 

gave  the  name  of  Cndmia^  from  Cadmus,  who  first  taught  the 

Greeks  to  use  it.     They  knew  that  when  melted  with  copper 

it  formed  brass ;  and  that  when  burnt  a  white  spongy  kind  of 

•  Oehlcn.  t  Creirs  Annals,  p.  371. 
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^^  ashes  was  volatilized^  which  they  used  in  mediciiie.*  Thk 
mineral  contained  a  good  deal  of  zinc;  and  yet  there  is  no 
proof  remaining  that  the  ancient  Greeks  and  Romans  were 
acquainted  with  this  metaLt  But  there  are  strong  reasons 
for  believing  that  it  was  known  at  a  very  early  period  in 
China.  The  Chinese  were  acquainted  with  the  method  of  ren- 
dering it  malleable,  and  they  struck  pieces  of  money  ai  it 
Kaswini,  the  Pliny  of  the  Arabians,  at  least  states  these  cir- 
cumstances as  facts.  The  Arabians  called  it  BotArtutiOy  and 
the  Persians  Kar-taini  {C/dneae  iron).  According  to  Kaswini, 
mirrors  were  made  of  it  whi<di  were  considered  as  useful  in 
curing  sore  eyes.|  Albertus  Magnus  describes  the  ore  of  zinc 
in  his  Mineralogy  under  the  name  of  marchasite  ofgoldf  and  it 
is  evident  from  his  account  of  it  that  he  was  aware  of  its  con- 
taining a  volatile  metal.  The  word  zinc  (zineium)  so  fiur  as  I 
have  observed,  occurs  first  in  Paracelsus,  and  he  mentions  it  as 
if  it  had  been  a  &miliar  word  at  the  time  when  he  wrote.f 

Zinc  has  never  been  found  in  Europe  in  a  state  of  purity, 
and  it  was  long  before  a  method  was  discovered  of  extracting 
it  from  its  ore.  II  Henkel  pointed  out  one  in  1721 ;  Von  Swab 
obtained  it  by  distillation  in  1742;  and  Margraff  published  a 
process  in  the  Berlin  Memoirs  in  1746.f  At  present  there  are 
several  works  in  this  country  in  which  zinc  is  extracted  frmn 
its  ore,  chiefly  in  Birmingham  and  Bristol.  There  was  a  work 
some  years  ago  near  Alston  Moor,  but  it  has  been  st<^ped. 
Both  calamine  and  blende  are  employed.  The  calamine  is 
sometimes  roasted,  sometimes  not ;  it  is  reduced  to  fragments 
about  the  size  of  a  pigeon's  egg^  and  introduced  with  its  own 

*  Pliny,  lib.  xxxiv.  cap.  2  and  10. 

f  Grignon  indeed  says,  that  something  like  it  was  discovered  in  the  niios 
of  an  ancient  Roman  city  in  Champagne :  but  the  substance  which  he  took 
for  it  was  not  examined  with  any  accuracy.  It  is  impossible  therefore  to 
draw  any  inference  whatever  from  his  asBcrtion.  Bulletin  de  Fouilles  d*une 
Yille  Romaine,  p.  11. 

X  Schweigger's  Jahrbuch,  L  357. 

§  Quando  ergo  hoc  modo  metalla  fiunt  et  producuntur,  dum  scilicet  yents 
metallicus  fluxus  et  ductilitas  ^aufertur,  et  in  septem  metalla  cEstribuitur: 
residentia  qusedam  manet  in  ares,  instar  foetiim  trium  primorum.  Ex  hac 
nascitur  zinetum,  quod  et  metalluro  est  et  non  est.  Sic  et  bisemutum  et 
huic  similia  alia  portim  fluida  partini  ductilia  sunt  .  .  .  Zinetum 
maxima  ex  parte  spuria  soboks  est  de  cupro,  et  bisemutum  de  stanno. 
Philosophise,  lib.  iv.  Tract,  iii.  cap.  9. 

II  The  real  discoverer  of  this  method  appears  to  have  been  Dr.  Isaac 
Lawson.    See  Pott,  iii.  diss.  7,  and  Watson's  Chemical  Essays. 

t  Bergman,  ii.  309. 
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volume  of  small  coal  into  clay  pots  or  crucibles,  wliich  are  arranged  ^^^v  rv* 
six  in  number  round  a  circular  furnace,  vaulted  above*  There  is 
a  hole  111  tlie  bottom  of  each  pot  which  is  partly  closed  with  a 
piece  of  wood,  and  from  which  a  tube  of  iron  passes  to  a  vessel 
of  water,  situated  in  an  apartment  below.  The  pots  are  left 
open  for  about  two  hours  till  the  flame  begins  to  assume  a  blue 
colour,  indicating  that  the  zinc  is  beginning  to  be  reduced. 
They  are  then  covered  up  on  the  top.  The  zinc  is  reduced, 
and  gradually  drops  down  tli rough  the  iron  tube  issuing  from 
the  bottom  of  the  pot,  and  Iklls  into  a  vessel  of  water.  It 
is  afterwards  melted  and  cast  mto  ingots.  A  considerable 
quantity  of  zinc  is  yearly  exported  from  Britain,  chiefly  t<o 
the  north  of  Europe.*  The  process  when  blende  {sulphuret 
of  2inc)  is  used,  is  quite  the  same ;  except  that  the  blende  is 
always  roasted  in  the  first  place, 

L  Zinc  Is  of  a  brilliant  white  coloiur,  with  a  sliade  of  blue, 
and  is  composed  of  a  number  of  thin  plates  adhering  together. 
When  this  metal  is  rubbed  for  some  time  between  the  fingers, 
they  acquire  a  peculiar  taste,  and  emit  a  very  perceptible  smelL 

It  is  rather  soft:  when  rubbed  upon  the  fingers  it  tinges 
them  of  a  black  colour.  The  specific  gravity  of  melted  zinc 
varies  from  6*861  to  7*1  ;f  the  lightest  being  esteemed  the 
purest.  When  hammered  it  becomes  m  high  as  7*1 9064  I 
found  the  specific  gravity  of  a  si>eeimen  which  I  had  purified, 
by  distilling  it  over  in  a  porcelain  retort,  6*89655. 

This  metal  forms  as  it  were  the  limit  between  the  brittle  and 
the  malleable  roekds.  Its  malleability  is  by  no  means  to  be 
compared  with  that  of  copper,  lead,  or  tin  ;  yet  it  is  not  brittle, 
like  antimony  or  arsenic.  When  str^k  mth  a  hanuner,  it  does 
not  break,  but  yields,  and  becomes  somewhat  flatter;  and  by  a 
cautious  and  equal  pressure,  it  may  be  reduced  to  pretty  thin 
plates,  which  are  supple  and  elastic,  but  cannot  be  folded  witli- 
out  breaking.  This  property  of  zinc  was  first  ascertained  by 
Mr.  Sage.§  When  heated  somewhat  above  212^*,  it  becomes 
very  malleable*  It  may  be  beat  at  pleasure  without  breaking, 
and  hammered  out  into  thin  plates.     When  carefully  annealed, 

^*  See  an  account  of  the  manufacture  of  thiji  metal  in  Wataon^a  Chem> 
aya,  h.  K 
Briason  and  Dr.  Lewis.    A  specitnen  of  Goslar  zinc  was  found  by  Dr. 
Wataon  of  the  specific  gravity  6*953,  Bristol  zinc  7*028*    Chemical  Essays^ 
W,  41,     A  spectmen  of  zinc  tried  by  Mr,  Hatchett  waa  7.005.     On  the 
Allojra  of  Gold,  p*  67. 
I  Briuoo*  $  Joun  de  Min.  An.  v,  595^ 
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<:>>^"J.    it  may  be  passed  through  rollers.  It  may  be  very  readily  turned 
'  on  the  lathe.    When  heated  to  about  400®,  it  becomes  so  brittle 

that  it  may  be  reduced  to  powder  in  a  mortar. 

It  possesses  a  certain  degree  of  ductility,  and  may  with  care 
be  drawn  out  into  wire.*  Its  tenacity,  from  the  experiments 
of  Muschenbroeck,  is  such,  that  a  wire  whose  diameter  is  equal 
to  fi^th  of  an  inch  is  capable  of  supporting  a  weight  of  about 
26  lbs.t 

When  heated  to  the^temperature  of  about  680°,:}:  it  melts; 
and  if  the  heat  be  increased,  it  evaporates,  and  may  be  easily 
distilled  over  in  close  vessels.  When  allowed  to  cool  slowly, 
it  crystallizes  in  small  bundles  of  quadrangular  prisms,  disposed 
in  all  directions.  If  they  are  exposed  to  the  air  while  hot,  they 
assume  a  blue  changeable  colour.§ 
Oxidfe  II.  When  exposed  to  the  air,  its  lustre  is  soon  tarnished, 

but  it  scarcely  undergoes  any  other  change.  When  kept  imder 
water,  its  surface  soon  becomes  black,  the  water  is  slowly  decom- 
posed, hydrogen  gas  is  emitted,  and  the  oxygen  combines  with 
the  metal.  If  the  heat  be  increased,  the  decomposition  goes 
on  more  rapidly  ;  and  if  the  steam  of  water  is  made  to  pass  over 
zinc  at  a  very  high  temperature,  it  is  decomposed  with  great 
rapidity.  II 

When  zinc  is  kept  melted  in  an  open  vessel,  its  surfisu^  is 
soon  covered  with  a  gray  coloured  pellicle,  in  consequence  <rf 
its  combination  with  oxygen.  When  this  pellicle  is  removed, 
another  soon  succeeds  it ;  and  in  this  manner  may  the  whole 
of  the  zinc  be  oxidized.  When  these  pellicles  are  heated  and 
agitated  in  an  open  vessel,  they  soon  assume  the  form  of  a  gray 
powder,  often  having  a  shade  of  yellow.  This  powder  has 
been  called  the  gray  oxide  qfzinc^  but  is  probably  only  a  mix- 
ture of  white  oxide  and  metallic  zinc.  When  zinc  is  raised  to 
a  strong  red  heat  in  an  open  vessel,  it  takes  fire,  and  burns  witb 
a  brilliant  white  flame,  and  at  the  same  time  emits  a  vast  quan- 
tity of  very  light  white  flakes.  These  are  merely  an  oxide  of 
zinc.  This  oxide  was  well  known  to  the  ancients.  Dioscorides 
describes  the  method  of  preparing  it.  The  ancients  called  it 
pompholyx  :  the  early  chemists  gave  it  the  name  of  nihil  album, 

♦  Black's  Lectures,  ii.  583. 

f  He  found  a  rod  of  an  inch  diameter  to  support  2600  lbs.  Now  if  the 
cohesion  increase  as  the  square  of  the  diameter,  the  strength  of  a  wire  of 
4- 10th  inch  will  not  differ  much  from  that  assigned  in  the  text. 

I  Black*s  Lectures,  ii.  583.  $  Mongez. 

I  Lavoisier,  Mem.  Par.  1781,  p.  274. 
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ktna  phjiosophica^  mid  ^oufera  of  zinc.     Dioscorides  compares  '^****"y  *^ 

t  I  Sect.  K 

It  to  wooL*  _ 


IV. 


So  &r  as  has  been  liitlicrto  proved,  this  is  the  only  oxide  of  zinc^ 
It  is  not  easy  to  proc«ire  it  quite  free  from  irop,  with  which  the 
zinc  of  commerce  is  always  contaminated*  The  iron  may  be 
thrown  down  by  leaving  a  plate  of  zinc  in  an  aqueous  solution 
of  sniphate  or  muriate  of  zinc  for  a  few  weeks*  Probably  also  we 
would  obtain  the  oxide  pure,  if  we  dissolved  it  in  caustic  ammonia, 
and  after  filtering  the  solution,  we  were  to  drive  off  the  ammo- 
nia by  heat,  and  collect  the  oxide  which  would  precipitate. 

Oxide  of  zinc  when  pure  is  snow-white*  When  heated  it 
assumes  a  yellow  colour,  but  becomes  agjiin  white  when  allowed 
to  oooL  It  is  tasteless  ;  but  dissolves  very  readily  in  acids.  It 
dissolves  also  in  concentrated  caustic  ammonia,  but  is  partly 
precipitated  when  the  solution  is  diluted  with  water,  Barytes 
or  lime  water  also  occasion  a  precipitate  when  poured  into 
the  same  solution.  The  affinity  bet\i'een  oxide  of  zinc  and 
alumina  is  considerable.  WTien  a  solution  of  oxide  of  zinc  in 
ammonia,  and  of  alumina  in  aiustic  potash,  are  mixed  together, 
the  oxide  of  zinc  and  alumina  are  precipitated  in  combination ; 
the  precipitate  is  again  redissolved  by  an  excess  of  either  of  the 
alkalies.  This  compound  occurs  in  the  mineral  kins^dom,  and 
is  distinguished  by  the  names  of  aiitomfilite  and  Gahnite,  It  con- 
sists of  6  atoms  of  alumina  united  to  1  atom  of  oxide  of  zinc* 

I  ascertained,  by  die  analysis  of  sulphate  of  zinc,  that  the  atomic  ^^^ 
weight  of  oxide  of  zinc  is  5-25,  and  that  when  4*25  of  metallic 
«inc  are  dissolved  in  sulphuric  acid,  they  are  converted  into 
5-*^5  parts  of  oxide  of  zincf 

It  has  been  inferred  from  an  experiment  of  Thenard,  that 
when  oxide  of  zinc  in  the  gelatinous  state  is  treated  with  deut- 
oxide  of  hydrogen,  it  combines  with  an  ad<!itional  dose  of 
oxygen.  The  new  oxide  is  described  as  white  and  tasteless.  It 
cannot  !)e  dried  nor  dissolved  in  acids,  without  losing  its  excess 
of  oxygen,  I  do  not  sec  any  sufficient  proof  that  in  this  case 
there  is  any  thing  more  than  a  mixture  of  oxide  of  zinc  and 
deutoxide  of  hydrogen. 

The  reduction  of  tlie  oxides  of  zinc  is  an  operation  of  diffi- 
culty, in  consequence  of  the  strong  affinity  which  exists  between 
zinc  and  oxygen,  and  the  consequent  tendency  of  the  zinc  after 
reduction  to  unite  with  oxygen.  It  must  be  mixed  with  char* 
coal,  autt  exposed  to  strong  heat  in  vessels  which  screen  it  from 
the  contact  of  the  external  air. 

•  £(««p  fX^m  »^^9i^tTMi,  V.  85.  p,  352.    f  First  Ptinciples^L  5h 
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cinp.  m.        III.  Zinc  combines  readily  with  chlorine  and  forms  a  cAfo- 
ride  of  zinc.     This  metal  takes  fire  in  chlorine  gas,  and  the 

Chlorides  chloride  is  formed.  It  may  be  obtained  by  dissolving  zinc  in 
muriatic  acid,  evaporating  the  solution  to  dryness,  and  expos- 
ing it  to  a  red  heat  in  a  glass  tube  with  a  narrow  orifice. 
When  obtained  by  distilling  a  mixture  of  zinc  filings  and  cor- 
rosive sublimate  it  was  formerly  distinguished  by  the  name  of 
butter  of  zinc.  When  obtained  in  this  way  it  sublimes  readily 
on  being  heated,  and  crystallizes  in  needles.  But  Dr.  John 
Davy  assures  us  that  when  the  chloride  is  formed  by  heating 
the  muriate  in  a  glass  tube  it  does  not  sublime  even  at  a  red 
heat ;  but  remains  in  a  state  of  fusion.  When  exposed  to  the 
air  it  very  speedily  deliquesces. 

Dr.  John  Davy  found  it  composed  of  equal  weights  of  zinc 
and  chlorine.     It  is  obvious  from  this  that  it  is  a  compound  of 
1  atom  zinc  .         .         4*25 

1  atom  chlorine         •         .         4*5 

8-75 
and  that  its  atomic  weight  is  8*75. 

IV.  The  bromide  of  zinc  has  not  yet  been  examined, 
j^^^j^  V.  Zinc  readily  combines  with  iodine  by  heat.     The  iodide 

has  a  white  colour.  It  is  easily  volatilized  anA  crystallizes  in 
fine  quadrangular  prisms.  It  deliquesces  in  the  air  and  is  very 
soluble  in  water.  The  solution  is  colourless  and  does  not  crys- 
tallize. This  solution  contains  a  combination  of  hydriodic  acid 
and  oxide  of  zinc.  Hence  the  iodide  must  decompose  water. 
Gray-Lussac  has  shown  that  this  iodide  is  a  compound  of 
1  atom  zinc  .         .  4*25 

1  atom  iodine         .         .         15*75 


20 
so  that  its  atomic  weight  is  20. 

VI.  Professor  Kastner  affirms,  that  when  zinc  is  dissolved 
in  moderately  strong  muriatic  acid,  the  hydrogen  gas  given  off 
contains  zinc  in  solution.*  If  this  be  so,  certainly  the  quan- 
tity must  be  very  small,  for  I  have  more  than  once  burnt  such 
hydrogen  gas  without  perceiving  any  deposite  of  oxide  of  zinc 
Vauquelin  formed  a  gas  by  heating  to  redness  4  parts  of  roasted 
blende  and  1  part  of  charcoal  powder,  which  he  considered  as 
zincetted  hydrogen  gas.  It  was  colourless,  lighter  than  air,  but 
heavier  than  hydrogen  gas.  It  burnt  with  a  bluish  and  yellowish 
*  Annals  of  Philosophy  (2d  series),  iv.  157. 
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flame,  giving  out  wliite  vapoiirg  of  oxide  of  zinc,  and  deposits   Ftmiir  tv. 
ing  some  metallic  zinc.     It  burnt  \nth  clilorine  gas,  and  was  , 
converted  into  muriatic  acid  and  chloride  of  zinc.     It  was  not 
decomposed  by  nitric  acid,  it  was  not  absorbed  by  wat^^r,  and 
did  not  combine  with  bases. 

We  do  not  know  any  combination  which  zinc  is  capable  of 
making  witJi  azote. 

VII.  The  zinc  of  commerce  is  never  free  from  carbon  ;  but 
08  it  contains  iron  also,  we  have  no  evidence  that  the  small 
quantity  of  carbon  which  it  contaijis  is  not  in  combination  with 
the  iron.  BerzcliiLs  consitiers  tlie  black  matter  which  remains, 
when  pnissiate  of  zinc  is  distilled,  as  a  carbnret  of  zinc*  But 
he  has  iidduced  no  evidence  in  favour  of  this  opinion. 

VII L  Nothing  is  known  respecting  the  combinations  which 
zinc  may  be  cjipable  of  forming  with  boron  and  silicon^ 

IX.  Zinc  maybe  combined  witli  phosphorus,  by  dropping  pboipiiurct 
small  bits  of  phosphorus  into  it  while  in  a  state  of  fusion.  Pel- 
letier,  to  whom  we  are  indebted  for  the  experiment^  added  also 
a  little  resin,  to  prevent  the  oxidation  of  the  zinc.  Phosphuret 
of  zinc  is  of  a  white  colour,  with  a  metallic  splendour,  but 
resembles  lead  more  than  zinc.  It  is  somewhat  malleable. 
When  hammered  or  filed,  it  emits  the  odour  of  phosphorus* 
A^flien  exposed  to  a  strong  heat,  it  burns  like  zinc*  When 
12  parts  of  oxide  of  zinc,  1*2  parts  of  phasphorie  glass,  and  2 
parts  of  chiu^coal  powder,  are  distilled  in  an  earthenware  retort, 
and  a  strong  heat  applied,  a  meliillic  substance  sublimes  of  a 
silver-white  colour,  which  when  broken  has  a  vitreoas  appear- 
ance.  This,  according  to  Pelletier,  is  phosphuretted  oxide  of 
zine,  but  it  is  probably  only  a  phosphuret  of  zinc.  When 
heated  by  the  blow-pipe,  tfte  phospborus  burns,  and  leaves 
behind  a  ghiss,  transparent  while  in  fusion,  but  opaque  after 
cooHng.f  It  is  obtained  also  when  2  parts  of  zinc  and  1  part 
of  phosphorus  are  distilled  in  an  earthen  retort  The  products 
arc,  1.  Zinc :  2.  Oxide  of  zinc ;  3.  A  red  sublimate,  which  is 
phosphuretted  zinc  ;  4.  Needle  form  crys^tals,  of  a  metallic  bril- 
liancy and  a  bluish  colour.  These  Peiletier  considers  as  phos- 
phuretted oxide  of  zincj  They  are  probably  a  phosphuret  of 
zinc. 

X»  Chemists  were  long  unable  to  combine  zinc  with  sulphur  j  stiipiiu«!<. 
but  several  processes  have  been  gradually  discovered.     Mr. 
Edmond  Davy  found  that  when  die  vapour  of  sulphur  was 


•  Aiiti,  de  Chim.  sdiL  129*         f  Pdlettcr,  ibid.  1^  \  Ibid.  125. 
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Chaplin,   paired  over  zinc  in  fiision,  a  yellowish  compound  was  obtained 
~  similar  in  appearance  to  blende.     When  Uie  oxide  of  zinc  is 

melted  with  sulphur  a  combination  is  formed,  as  was  first  dis- 
covered by  Dchne  in  1781.*  The  experiment  was  afterwards 
repeated  by  Morveau.f  When  zinc  and  cinnabar  are  heated 
together,  according  to  Berzelius,  the  mercury  of  the  cinnabar 
is  disengaged  and  sulphuret  of  zinc  formed.  When  a  current 
of  sulphuretted  hydrogen  is  passed  through  a  solution  of  zinc 
a  white  precipitate  falls,  which  is  a  hydrosulphuret  of  zinc 
When  this  hydrosulphuret  of  zinc  is  carefully  heated  it  is  con- 
verted into  sulphuret  of  zinc.  I  dissolved  42-5  grains  of  zinc 
in  sulphuric  acid,  passed  a  current  of  sulphuretted  hydrogen 
gas  through  it,  and  then  heated  the  hydrosulphuret.  The 
weight  of  the  sulphuret  of  zinc  obtained  was  very  nearly  62*5. 
One  of  the  most  common  ores  of  zinc  is  a  foliated  mineral, 
usually  of  a  brown  colour,  called  blende;  tasteless,  insoluble  in 
water,  and  of  a  specific  gravity  about  4.  Bergman  showed  that 
this  ore  consisted  chiefly  of  zinc  and  sulphur.  Chemists  were 
disposed  to  consider  it  as  a  sulphuretted  oxide  of  zinc,  in  con-» 
sequence  chiefly  of  the  experiments  of  Morveau,  above  refer- 
red to ;  but  the  analyses  of  Bergman  were  inconsistent  with 
this  notion.  Proust  gave  it  as  his  opinion,  that  blende  is  essen- 
tially a  compound  of  zinc  in  the  metallic  state  with  sulphur.^ 
This  opinion  is  now  universally  admitted  to  be  the  true  one. 
It  is  a  compoimd  of 

1  atom  zinc  •         .         4*25 

1  atom  sulphur         .         .         2 

6-25 
But  in  general  it  contains  a  quantity  of  iron.     The  only  pure 
specimens  are  the  transparent  and  light  brown  ones. 

It  has  the  lustre  of  the  diamond,  is  translucent,  of  a  rich 
yellow  colour,  and  is  crystallized  in  rhomboidal  dodecahedrons. 
It  is  brittle,  has  a  foliated  texture  and  a  specific  gravity  of  4*678. 
It  dissolves  with  difficulty  in  muriatic  acid,  giving  out  sidphur- 
etted  hydrogen  gas.  Aqua  regia  dissolves  it  easily.  It  melts 
when  exposed  to  a  high  temperature. 

Tlie  experiments  of  Arfvcdson  on  the  change  produced  by 
passing  a  current  of  dry  hydrogen  gas  over  ignited  sulphate  of 
zinc,  were  unsatisfactory.§  But  it  appears  from  the  observTitions 

♦  Chem.  Jour.  p.  46,  and  Crell's  Annals,  1786,  i.  7. 

t  Mem.  de  TAcad.  de.  Dijon,  1783.  \  Jour,  de  Phys.  Ivi,  79. 

§  Annals  of  riiilosophy  (2d  series),  vii.  335. 


of  Keratcn,  tliat  several  sulphuret^,  particularly  those  of  iron  and  ^'^  I^'' 

zinc,  are  treated  at  Freyberg  to  extraet  the  silver.     During  tliis  .^^ 

operation  there  is  deposited  a  yellow  matter  having  the  dia- 
mond lustre  ill  six-sided  prbms.  This  matter  Kersten  found 
compoised  of 

4  at^ms  snlphuret  of  zinc, 
1  atom  oxide  of  zinc* 

XL  It  is  equally  difficult  to  combine  zinc  with  selenium  as  scieoiet, 
with  sulphur.  But  if  red  hot  zinc  be  brought  in  contact  with 
the  vapours  of  selenium^  ati  explosion  takes  place  and  a  yellow 
powder  is  formed,  which  is  a  seleniet  of  zinc.  This  powder 
dissolves  in  nitric  acid  with  the  evolution  of  nitrous  gas.  The 
zLnc  is  oxidtKcd  and  dissolved  while  the  selenium  separates  in 
the  state  of  a  red  powder,f 

XIL   When  100  parts  of  zinc  and  100  parts  of  arsenic  are  Anaiict. 
heated,  a  very  brittle  metal  is  obtained  weighing  172  parts.f 
If  tlie  loss  in  this  experiment  \i^as  all  arsenic  the  alloy  was  very 
nearly  a  compound  of 

1     atom  arsenic, 
li  atom  zinc. 
According  to  Bergman  when  zinc  and  arsenious  acid  are  dis- 
tilled, a  process  first  practised  by  Malouin,  aii  alloy  is  obtained 
composL^l  of  four  parts  of  zinc  and  one  of  arsenic, 

XIIL  Zinc  may  he  readily  combined  with  antimony  by 
fusion.  The  alloy  is  hard  and  brittle,  and  has  the  colour  of 
9teel.     Its  specific  gravity  is  less  than  intermediate»§ 

XIV,  Nothing  is  known  respecting  the  alloys  which  zinc 
may  be  capable  of  forming  with  tellurium,  chromium,  tungsten, 
columbinm,  and  titanium. 

XV.  Tlie  volatility  of  zinc  renders  it  difficult  to  alloy  that 
metal  with  molybdenum,  Etpial  parts  of  the  two  metiiLs, 
strongly  heated  in  a  covered  crucible,  left  a  bkch  mass  almost 
in  a  powdery  state,  || 

XVL  Zinc  may  be  alloyed  with  potassium  by  heat ;  but  the 
alloy  is  difficult  to  iorm  on  account  of  the  vi»l utility  of  the  potas* 
sium.  It  has  the  colour  of  pomided  zinc*  It  is  gradually 
destroyed  in  the  air,  effervesces  in  water,  and  still  more  violently 
in  acids.f 

With  sodium  it  is  easily  alloyed  in  a  cherry-red  heat.     The 


•  Ann.  de  Chiin.  et  de  Phys.  xli.  426, 

%  Gehlen. 

I  Orel i' 9  Annala,  iii.  p,  375* 

%  Ga>-Lussac  imd  Theiiard  ;  Ret;]iercheji  Pbysico-cynuqued,  i.  221. 


t  Berzeliu^s  ibid.  x.  241. 
§  Gdlert,  p.  136. 
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0^9,10-  colour  of  the  alloy  is  bluish-gray.  It  is  brittle,  and  of  a  foli- 
ated  texture.  It  is  destroyed  in  the  air,  and  effervesces  in 
water  and  in  acids.* 

XVII.  We  are  not  acquainted  with  the  alloys  which  nnc 
forms  with  the  metals  of  the  alkaline  earths  and  earths  proper. 

XVIII.  It  is  difficult  to  combine  zinc  with  iron,  because  the 
heat  necessary  to  melt  the  latter  metal  dissipates  the  former. 
The  alloy,  according  to  Lewis,  when  formed,  is  hard,  somewhat 
malleable,  and  of  a  white  colour  approaching  to  that  of  silyer.f 
Malouin  has  shown  that  zinc  may  be  used  instead  of  tin  to  coyer 
iron  plates :  a  proof  that  there  is  an  affinity  between  the  two 
metals,  j: 

XIX.  Zinc  does  not  appear  capable  of  combining  with  mdid 
by  fu8ion.§     Neither  does  it  combine  with  cobalt  by  fusion. 

We  are  not  acquainted  with  the  alloys  which  zinc  may  be 
capable  of  forming  with  manganese,  cerium,  and  uranium. 

SECTION  II. OF  CADMIUM. 

Htatofx.  Professor  Stromeyer  of  Gottingen,  whose  province  it  is  to 

inspect  the  apothecaries'  shops  in  the  kingdom  of  Hanover, 
while  discharging  the  duties  of  his  office  in  the  principality  of 
Hildesheim  in  the  year  1817,  found  that  the  carbonate  of  zinc 
was  substituted  in  that  country  for  the  oxide  of  zinc,  the  use 
of  which  had  been  ordered  in  the  Pharmacopoeias.  This  car- 
bonate of  zinc  was  manufactured  at  Salzgitter.  Upon  inquiry 
he  learnt  from  Mr.  Jost,  who  managed  that  manufactory,  that 
they  had  been  obliged  to  substitute  the  carbonate  for  the  oxide 
of  zinc,  because  the  oxide  had  a  yellow  colour,  and  was  in  con- 
sequence unsaleable.  On  examining  this  oxide,  Stromeyerfound 
that  it  owed  its  yellow  colour  to  the  presence  of  a  small  quan- 
tity of  the  oxide  of  a  new  metal,  which  he  separated,  reduced, 
and  examined.  To  the  metal  thus  obtained  he  gave  the  name 
of  cadmium^  because  it  occurs  usually  associated  with  zinc. 

During  the  apothecaries*  visitation,  in  the  state  of  Magde- 
burg some  years  ago,  there  was  found  in  the  possession  of 
several  apothecaries,  a  preparation  of  zinc  from  Silesia,  made  in 
Hermann's  manufactory  at  Schonebeck,  which  was  confiscated 

*  Gay-Lussac  and  Thenard ;  Becherches  Physico-chimiques,  i.  243- 
f  Neuman's  Chem.  p.  69.  \  Mem.  Par.  1742. 

§  The  Chinese,  however,  seem  to  be  in  possession  of  some  method  of 
combining  these  metals ;  for,  according  to  Engestroem,  the  pak-fong  of 
white  copper,  is  composed  of  copper,  nickel,  and  zinc.  The  zinc  amounts 
to  seven-sixteenths  of  the  whole,  and  the  proportions  of  the  copper  and 
nickel  are  to  each  other  as  five  to  thirteen.     Mem.  Stock.  1776. 
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on  the  supposition  that  it  contained  arsenic;   because  wlien  dia-   Ftoauym 

solved  in  acids  and  mixetl  \%nth  sulphuretted  hydrogen,  it  let  

full  a  precipitate,  which,  from  some  experiments  made  on  it, 
Wiis  considered  as  orpiment.  This  fact  could  not  be  indifferent 
to  Mr.  Hermann,  as  it  alfeeted  the  credit  of  his  manufactory; 
and  the  more  especially  Jts  the  medical  couneellor  Roloff,  who 
had  assisted  at  the  apothecaries*  visitation,  haddniwn  up  a  state- 
ment of  the  whole  and  sent  it  to  Hofeland  in  Berlir*,  who  pub- 
lished it  in  his  Metlicul  Journal.  Hermann  in  consequence 
subjected  the  suspected  oxide  of  zinc  to  a  careful  examination  ; 
but  he  could  not  succeed  in  detecting  any  arsenic  in  it.  He 
then  requested  the  medicinal  couneellor  Roloff  to  repeat  his 
experiments  on  the  oxide  once  more.  This  he  did  very  readily  ; 
and  he  now  perceived  tliatthe  precipitate,  which  had  been  taken 
by  him  at  first  for  orpiment,  was  not  so  in  reality,  but  owed  its 
existence  to  the  presence  of  another  metai,  having  considerable 
resemblance  to  arsenic,  but  probably  new.  To  obtain  full  cer- 
tainty on  the  subject,  specimens  of  the  oxide  of  zinc,  and  of  the 
yellow  precipitate,  were  sent  to  Stroraeyer  ;  who  immediately 
recognised  in  them  the  presence  of  ciidmium,  in  a  considerably 
greater  proportion  (about  3  per  cent.)  than  in  the  oxide  which 
he  had  previously  examined.  This  fortunately  enabled  him  to 
procure  a  sufficient  quantity  of  cadmium  to  examine  its  proper- 
ties in  detail,* 

Professor  Stromeyersepanited  the  cadmium  from  the  oxide  of 
zinc  with  which  it  was  mixed  in  the  following  manner  :  The 
whole  is  dissolved  in  sulphuric  acid,  and  an  excess  of  that  acid 
being  added  to  the  solutiouj  a  current  of  sulphuretted  hydrogen 
gas  IS  passed  through  the  liquid  till  the  whok*  of  the  cadmium 
is  precipitated.  It  falU  along  with  a  portion  of  zinc  and  of  cop- 
per, if  any  happen  to  be  present.  The  precipitate  is  re<lissolved 
in  concentrated  muriatic  acid,  and  the  excess  of  acid  driven  off 
by  evaporation.  The  liquid  is  now  mLxcd  with  an  excess  of 
carbonate  of  nramouia.  The  whole  of  the  /Jnc  and  the  copper 
is  redissolved,  while  the  carbonate  of  cadmiimi  is  prccipitateil 
and  remains  in  the  state  of  a  powder.  IJy  exposing  this  carbo- 
nate to  a  red  heat,  it  is  converted  into  pure  oxide  of  cadmium. 
This  oxide  being  mixed  with  lamp  black  and  exposed  to  a 
moderate  red  heat  in  an  earthen  or  glass  retort,  the  cadmium  is 
reduced  to  the  metallic  state. 

Mr.  Harepatb  of  Bristol  ascertained  that  the  yellowish  brown 
sublimate  which  adheres  to  the  roof  of  the  apartment  in  which 

•  Stromcyer,  AnimlEi  of  Philosophy,  xiii-  108. 
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c>M«  "<•  zinc  is  smelted  at  Bristol,  contained  a  great  deal  of 

He  was  kind  enough  to  send  me  a  quantity  of  tliis  subliiu 
I  found  that  it  contained  about  10  per  cent  of  «><<iniinn-  [ 
obtain  the  cadmium  I  digested  it  in  sulphuric  add,  and  pot 
plate  of  zinc  into  the  solution.  The  cadmium  was  precqiitaft 
in  the  metallic  state.  Dr.  Wollaston  observed  that  when  ll 
solution  containing  the  cadmium  is  put  into  a  platinum  cmdlii 
and  the  plate  of  zinc  suspended  in  it,  the  precipitated  cadiiifli 
adheres  so  strongly  to  the  crucible  that  it  maybe  washed  fit 
water  without  any  risk  of  loss.  It  may  then  be  dissolTeii 
an  acid  and  its  properties  determined.  I  find  it  to  exini 
minute  quantity  in  metallic  zinc 
PnpatiM.  I.  Cadmium  thus  obtained  has  a  white  colour,  witha  verfflj^ 
shade  of  bluish-gray,  and  approaches  nearest  to  tin  in  dk 
respect  It  has  a  good  deal  of  brilliancy,  and  may  bennlei 
assume  a  fine  polish.  Its  fracture  is  hackly;  anditra^ 
crystallizes  in  regular  octahedrons. 

It  is  a  soft  metal ;  being  easily  acted  on  by  the  file,  sre^ 
with  the  knife.    It  is  very  malleable,  and  may  be  beat  oairak 
the  liammer  into  very  thin  plates.     It  may  be  likewise  do" 
out  into  wire.     Its  specific  gravity,  after  fusion,  is  8*6040;  ^ 
after  hammering  it  becomes  as  high  as  8*6944.     Accordbf* 
Mr.  Harepath  it  is  8'659.*     It  is  very  fusible  ;  meldngbeb 
it  becomes  red-hot     It  may  be  melted  by  touching  it  liA^ 
iron  wire  heated  to  redness  by  means  of  a  spirit  lamp,  k* 
also  very  volatile,  being  converted  into  vapour  at  a  tempC 
somewhat  higher  than  the  boiling  point  of  mercury.  Tlusvapi 
has  no  peculiar  smell.     It  collects  in  drops  like  mercurV;' 
crystallizes  as  it  cools. 
Oxide.  II.  When  exposed  to  the  air  this  metal  is  as  little  tteti 

as  zinc;  though  in  progress  of  time  its  surface  becooK^^ 
nished.  When  heated  in  the  open  air  it  catches  fire  as  ««^: 
as  zinc,  and  is  changed  into  a  brownish-yellow  coloured  fii* 
which  usually  flies  off  in  the  state  of  a  brownish-yellow  ss)^ 
and  coats  those  substances  that  are  held  over  tlie  burning  iKS» 
Even  when  thus  burnt  it  gives  out  no  perceptible  smeU. 

The  metal  dissolves  slowly  in  sulphuric,  muriatic,  and ^ 
acids,  with  the  evolution  of  hydrogen  gras.  It  dissolves  k«£: 
in  nitric  acid,  while  nitrous  gas  is  disengaged.  In  all  atf^ 
combines  with  the  same  proportion  of  oxygen,  forminj:^*-: 
one  oxide,  which  has  a  yellow  colour,  is  fixed  in  the  fire,  i? 
infusible  in  a  white  heat 


*  Phil.  Mag.  luv.  322. 
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^  CADMIUM. 

From  the  analyses  of  carbonate,  sulphate,  and  nitrate  of 
cadmium,  by  Stroraeyer,  we  ohtuin  as  a  mean  tlie  atomic  weight 
of  this  oxide  8*015.  I  liave  shoi^ni,  by  the  analysis  of  sulphate 
of  cadmium  in  tw^o  different  states,  that  the  true  atomic  weight 
is  &••  Now,  as  the  metal  forms  only  one  oxide,  it  is  obvious 
that  it  must  be  a  compound  of 

1  atom  cadmium  .         ,         7 

1  atom  oxygen  .         •         1 


Family  IV. 
Sect.  IL 


8 
and  that  the  atomic  weight  of  eadminm  is  7, 

This  oxide  h  insoluble  in  the  caustic  fixed  alkalies ;  but  dis- 
solves readily  in  ammonia.  It  is  insoluble  in  carbonate  of 
ammonia,  w^hich  distingnishes  it  from  oxide  of  zinc.  When 
sulphuretted  hydrogen  gas  is  passed  through  its  solution  a  fine 
yellow  precipitate  falls,  which  was  at  first  taken  for  orpiment. 
The  specific  gravity  of  oxide  of  cadmium  Ls,  according  to  Mr, 
Harepath,  8*18;if  It  may  be  precipitated  from  its  solutions 
in  the  state  of  a  gelatinous  hydnite. 

The  colour  of  this  oxide  varies  according  to  the  degree  of 
heat  to  which  it  has  been  exposed,  being  brownish -yellow, 
light-brown,  dark-lirown,  or  blackish.  It  is  exceedingly  easily 
reduced  when  heuted  in  contact  with  charcoal.  It  is  insoluble 
in  water ;  but  it  combines  with  that  liquid  and  forms  a  w^hite 
coloured  hydnite,  which  speedily  absorbs  carbonic  acid  when 
exposed  to  the  air* 

It  saturates  the  different  acids,  and  forms  with  them  neu- 
tral salts, 

II L  When  oxide  of  cadmium  is  dissolved  in  muriatic  acid,  ciiioriiik 
and  the  solulion  evaporated,  small  transparent  rectangular  crys- 
tals of  muriate  of  cadmium  are  obtained.  When  these  crystals 
are  heated  they  lose  their  water  of  crystallization  and  are  con- 
verted into  a  transpiirent  foliated  crystallized  mass,  having  a 
pearly  lustre  inclining  somewhat  to  the  metallic.  This  matter 
may  be  considered  as  a  cliloride  of  cadniium.  When  exposed 
to  the  air  it  falls  down  in  the  state  of  a  white  powiler.  When 
strongly  heated  it  sublimes  in  the  state  of  micaceous  plates, 
having  the  original  transparency  and  lustre,  and  not  altering 
when  exposed  to  the  air*  From  the  analysis  of  Stromeycr,t 
thb  chloride  is  obviously  composed  of 


•  First  Principles,  i.  391. 
J  Oilt»crt*s  Annalen,  Ix.  204v 
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ciMP.  in.  *  1  atom  chlorine  •  .  4*5 


1  atom  cadmium  •  .  7* 

11-5 

lodue.  IV.  Cadmium  combines  readily  with  iodine,  either  by  ktf* 

ing  the  two  substances  together,  or  by  boiling  them  in  vilB 
till  a  solution  is  obtained.     By  evaporating  this  solntiaan 
obtain  crystals  in  fine  six-sided  tables,  possessing  nearijrAe 
properties  of  the  iodide,  formed  by  heating"  the  two  consdtiKiK 
directly  togetlier.     These  crystals  have  a  white  colour,  k 
transparent,  and  not  altered  by  exposure  to  the  air.    Titf 
lustre  is  metallic,  with  a  tendency  to  the  pearly.     They  wi 
very  easily  when  heated,  and  assume  on  cooling  their  ibnff 
crystalline  form.     Wlien  they  are  strongly  heated,  the  iob 
is  gradually  driven  off.    They  dissolve  easily  in  water  andib- 
hoi,  and  may  be  again  obtained  in  crystals  by  evaporating  tkir 
liquids.     From  these  solutions  the  cadmium  may  be  picef 
tated  in  the  state  of  a  carbonate  by  the  alkaline  carboiuti&  i 
is  tlu-own  down  likewise  by  sulphuretted  hydrogen  gas.  Its 
obvious  that  these  crystals,  when  in  solution,  constitute  a  in^ 
odate  of  cadmium ;  but  an  iodide  of  cadmium  when  in  die  i? 
state.     The  iodide,  from  the  experiments  of  Stromeyn;'^ 
obviously  composed  of 

1  atom  cadmium  .  .  7 

1  atom  iodine  •  .  15-75 


22.75 

V.  Cadmium  does  not  seem  capable  of  combuiinff  ^iibs^ 
or  hydrogen.  Nothing  is  known  respecting  any  combiwaf 
of  this  metiil  with  carbon,  boron,  silicon,  or  selenium.  ^' 
unites  readily  with  sulphur,  and  forms  a  sulphuret  wloA^ 
been  particularly  examined  by  Stromeyer. 
Sulphuret  Sulpluir  and  cadmium  unite  only  in  one  propordoiu  i>^ 
the  sulj)huret,  when  acted  on  by  nitric  acid,  is  coHvert«lt3 
a  neutral  sulphate  of  cadmium.  Hence  it  is  obriouslyac* 
pound  of  1  atom  cadmium  +  1  atom  of  sulphur,  or  of 
Cadmium         •  .  7 

Sulphur  .  .  2 

Tliis  sulj)huret  has  a  yellow  colour,  inclining  to  oraC^ 
When  reduced  to  powder  it  has  a  very  fine  orange-y^ 
colour.     When  heated  to  redness,  it  becomes  first  broira^i 

*  Gilbert's  AnnaleD,  Ix.  207. 
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then  carmine  red ;  but  on  eooling  it  resumes  its  original  coloitn 
It  bears  a  very  strong;  heat  without  undergohig  any  rhange. 
But  in  an  intense  white  heat  it  melts  and  crystallizes  in  trans- 
parent mieaeeous  plates  of  a  fine  yellow  colour.  It  dissolveg 
readily  in  concentrated  muriatic  acid,  while  ^ulphnretted  hydro- 
gen gfiS  is  disengaged,  and  no  snlphur  whatever  is  deposited. 
But  diluted  muriatic  acid  Imrdly  acts  upon  it  even  when  assisted 
by  heat. 

Sulphur  and  cadmium  cannot  be  easily  united  by  exposing 
them  to  heat  mixed  together.  We  succeed  better  when  we 
heat  a  mixture  of  oxide  of  cadmium  and  sulphur.  But  the 
easier  method  of  forming  the  sulphuret  is  to  precipitate  a  salt 
of  cadmium  by  means  of  sulphuretted  hydrogen  gas.  This 
suJphuret  constitutes  an  excellent  paint* 

VI,  Phasphuret  of  cadmium  is  gray  and  has  a  weak  metallic 
lustre;  it  is  very  brittle  and  melts  with  great  facility.  On 
burning  coals  it  burns  brilliantly  with  a  strong  smell  of  phos- 
phoniSj  and  is  converted  into  phosphate  of  cadmium* 

None  of  tlie  combinations  of  cadmium  and  metals  have 
been  hitherto  examined,  excepting  the  alloys  which  it  forms 
with  copper,  mercury,  and  platinum.  These  will  be  described 
in  a  subsequent  part  of  this  volume. 

Cadmium  is  precipitated  in  the  metallic  state  by  a  pkte  of 
zinc.  But  it  has  the  property  of  precipitating  lead,  and  all 
the  other  metals  belonging  to  the  family  under  which  I  have 
placed  it. 


Family  IV. 
8ect.ni, 


Pho«|ihttret. 


SECTION  III. — or  LEAD, 

Lead  appears  to  have  been  very  early  known.     It  is  men-  Hiitofy. 
tioued  several  times  by  Moses.     Tlie  ancients  seem  to  have 
considered  it  as  nearly  related  to  tin. 

Lead  IS  one  of  the  most  abunilant  of  metals,  and  exists  in 
the  earth  in  a  great  variety  of  states ;  no  fewer  than  27  differ- 
ent species  of  lead  ores  having  been  described  by  mineralo- 
gists. But  by  far  the  most  abundant  of  these  ores,  indeed  the 
only  important  one,  as  far  as  metallurgy  is  concerned,  is  ml- 
phurct  of  leadj  or  galena^  a  lead  coloured  mineral,  having  tlie 
metallic  lustre,  a  foliated  texture,  crystallized  in  cubes  or  octa- 
hedrons, and  having  a  specific  gravity  of  7-568.  In  Great 
Rritain,  by  far  the  most  abundant  lead  mines  occur  in  the 
mountain  limestunej  or  rather  limestone  tlmt  alternates  with 


•  Stromeyer^  Gilbert**  Anna!  en,  Ix.  205, 


The  lead  is  reduced  and  collected  in  vessels,  f 
cast  into  large  ingots  called  pig^s.  Sometime 
conducted  in  reverberatory  furnaces,  and  son 
furnaces.  The  slag  formed  is  run  into  water,  ^ 
to  £ill  into  powder,  and  this  powder  is  agidn  sm 
a  little  more  lead. 

The  lead  thus  obtained  is  never  free  from 
the  quantity  of  tliat  metal  is  sufficient  to  pay  t 
silver  is  extracted,  and  this  process  is  called  re 
Bone  ashes,  mixed  with  about  y'^th  of  their  i 
ashes,  are  made  into  a  thick  mortar  with  watei 
a  kind  of  oval  iron  ring,  so  as  to  form  a  lai 
scooped  out  a  little  on  die  upper  side.  This  is 
The  lead  to  be  refined  is  put  upon  this  cupel, 
tory  furnace,  and  exposed  to  the  blast  of  a  bell^ 
veniently  for  the  purpose.  The  lead  speedily 
red  hot,  and  is  oxidized,  and  the  oxide,  as  it  1 
off  the  cupel  by  the  bkist,  or  sinks  into  it.  Th< 
unaltered.  When  the  lead  left  on  the  cupel  I 
silver  it  is  tiiken  off,  and  new  lead  put  in  its  pi 
cess  goes  on  till  a  sufficient  number  of  massi 
in  silver  are  coUected.  Tliese  are  put  upon  the 
and  the  process  of  cupellation  continued  till  the 
dized,  and  the  silver  remains  pure. 

The  litharge  thus  formed  is  partly  sold  to  th 
apothecaries,  and  other  artists,  who  use  it  in  t 
and  partly  reduced  again  to  the  state  of  lead,  by 
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But  the  price  has  of  late  years  fallen  m  low  that  it  does  little  f™"y  *v. 

more  than  pay  the  expense  of  the  processes.   The  eonsequeiice 

must  be  that  all  but  the  most  productive  mines  will  be  relin- 
quished, llil*»  would  be  attended  with  ^reat  liardship  to  the 
miners,  many  thousands  of  whom  are  at  present  supported  by 
working  the  lead  mines  in  different  parts  of  Great  Britain, 

L  Lead  is  of  a  bluish  white  colour;  and  when  newly  melted  Prop«n«. 
is  very  bright,  but  it  soon  becomes  tarnished  by  exposure  to 
the  air*  It  lias  scarcely  any  taste,  but  emits  on  friction  a  pecu- 
liar smell.  It  staios  paper  or  the  fingers  of  a  bluish  colour. 
When  taken  internally  it  acts  m  a  pokon. 

It  is  one  of  the  softcj^t  of  the  metals,  its  specific  graWty  is 
1  l-552a*  Mr.  flarepath  states  it  at  1  h^^%\  and  Mr,  Crich- 
ton  of  Glasgow  found  the  specific  gravity  of  a  very  pure  speci- 
men ll">)57.  Its  specific  gravity  is  not  increased  by  hammer- 
ing; so  far  from  it,  that  Muscheidiroeck  found  lead  when 
drawn  out  into  a  wire,  or  long  hammered,  actually  diminished 
in  its  specific  gravity.  A  specimen  at  first  of  the  specific 
gravity  11*479,  being  drawn  out  into  a  fine  wire,  was  of  the 
specific  gravity  11*3I7;  and  on  being  hammered,  it  became 
ll'*2187;  yet  its  tenacity  was  nearly  tripled.J  Guyton  Mor- 
veau  on  repeating  this  experiment  found  the  result  as  stated. 
But  he  found  likewise  that  he  eoidd  increase  the  specific  gra- 
vity of  lead,  by  hammering  it,  confined  in  a  mould  so  that  it 
liad  not  liberty  to  expand. 

It  is  very  malleable^  and  may  be  reduced  to  thin  plates  by 
lie  hammer;  it  may  be  also  drawn  out  into  mre,  but  its  duo- 
lity  U  not  great.     Its  tenacity  is  such*  that  a  lead  wire  ^ 
inch  diameter  is  capable  of  supporting  only  18-4  pounds  \iith- 
^^iii{(.     This  ;igrees  nearly  with  Mr.  Ilennie's  trials, 
*^  of  bnul  \  inch  diameter,  capable  of  justsup- 
Tlcncc  a  wire  j\jth  inch  in  diameter,  would 

•icbton  of  Glasgow  we  learn  that 
temperature  ei^*^.]!  When  a 
metal  boils  and  evaporates.    If 

3^00,  Phil  Trans,  1724.  vol.  xxxiii, 
hkI  1 1*407  at  the  temperature  of  Si". 
f  Waiserberg,  i.  UL 


I 


t^te&  the  melting  point  of  lead  to  be 
*08,     Mr.  Crichtonjiuj.,  found  ibe 
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ciMp.m.  it  be  cooled  slowly,  it  crystallizes.  The  Ahh6  Mongez  obtadned 
it  in  quadrangular  pyramids,  lying  on  one  of  their  sides.  Eacb 
pyramid  was  composed,  as  it  were,  of  three  layers.  Pkjot 
obtained  it  in  the  form  of  a  polyhedron  with  32  sides,  foimed 
by  the  concourse  of  six  quadrangular  pyramids.  • 

o»i««-  11.  Wlien  exposed  to  the  air  it  soon  loses  its  lustre,  ml 

acquires  first  a  dirty  gray  colour,  and  at  last  its  sur&ce  becoDa 
almost  white.  This  is  owing  to  its  gradual  combination  vid 
oxygen,  and  conversion  into  an  oxide.  But  this  conversaooi 
exceedingly  slow;  the  external  crust  of  oxide,  which  font 
first,  preserving  the  rest  of  the  metal  for  a  long  time  from  tk 
action  of  the  air. 

Water  has  no  direct  action  upon  lead ;  but  it  fisiciUtates  tk 
action  of  the  external  air :  for,  when  lead  is  exposed  to  tbeak 
and  kept  constantly  wet,  it  is  oxidated  much  more  rapidly  tbi 
it  otherwise  would  be.  Hence  the  reason  of  the  white  eras 
which  appears  upon  the  sides  of  leaden  vessels  coDtainii; 
water,  just  at  the  place  where  the  upper  surface  of  the  vatff 
usually  terminates. 

Protoxide.  Lead  unites  with  oxygen  in  three  portions,  and  fonns  tk 
protoxide  of  lead,  which  is  yellow;  the  peroxide  j  which  is  hron^ 
and  the  red  oxide,  which  is  intermediate  between  the  yeOoi 
and  the  brown. 

1.  The  protoxide  or  yellow  oxide  of  lead,  which  hasbea 
longest  known,  and  most  carefully  examined, '  may  be  obtuaei 
by  dissolving  lead  in  a  sufficient  quantity  of  nitric  add,  soc 
to  form  a  colourless  solution,  and  then  supersaturating  it  lA 
carbonate  of  potash.  A  white  powder  falls,  which,  when  irti 
and  heated  nearly  to  redness,  assumes  a  yellow  colour.  b> 
pure  yellow  oxide  of  lead.  This  oxide  is  tasteless,  insolubfc^ 
water,  but  soluble  in  potash  and  in  acids.  Its  specific  graiif^ 
as  determined  by  lloyet  and  Dumas,  is  8*010.f  Mr.  ^ 
path  states  it  as  high  as  9-277.  Houton  Labillardiere  fo*! 
that  when  it  was  dissolved  in  caustic  soda,  and  left  for**) 
time  in  an  open  vessel,  it  gradually  crystallized  in  j^\ 
dodecaliedrons,  which  were  not  altered  by  exposure  to  a  ^4 
heat,  and  therefore  contiiined  neither  water  nor  carbonicadi 
It  readily  melts  when  heated,  and  forms  a  yellow,  s^l 
transparent,  brittle,  hard  glass.     In  violent  heats  a  portHU'l 

*  Jour,  de  Phys.  xxxviii.  53. 

f  Annals  of  Philosophy  (2d  series},  iii.  392. 

t  Ann.  de  Chim.  et  de  Phys.  vii.  218. 


it  IS  dissipated.    Wlieti  kept  heated  in  the  open  lur,  its  surface   ^^^^j'^* 
becomes  brick  red,  


Litharge^  when  formed  from  pare  lead,  consists  entirely  of  ^'^^^*^w^ 
protoxide,  without  tiny  foreign  tiub?itance  whatever.*  It  is  in 
beautiful  red  or  yclh)w  scales  or  flakes.  When  yellow  oxide 
is  prepared  on  a  large  scale  hy  mamifiicturer**,  it  is  ciiUed  mas^ 
sicot.  It  diiisolves  readily  in  nitric  acid  and  acetic  acid.  It 
may  be  dis*ioIved  in  boilin^^  hot  muriatic  acid;  but  not  in  sul- 
pliurie  nor  phosphoric.  It  combines  with  oils  aiid  forms  plas- 
ters. It  d involves  easily  in  the  caustic  fixed  alkalies,  but  not 
in  ammonia.  Its  solution  in  acetic  acid  Is  rendered  muddy  by 
carbonic  acid*  Tlie  solution  of  tliis  oxide  in  acids  is  sweet 
Uisted.  Such  solutions  produce  poisonous  eifecti>  when  taken 
internally, 

J3y  the  analysiis  of  nitrate  and  sulphate  of  lead  I  have  shown  iJ^*^ 
that  t!»e  atomic  weight  of  protoxide  of  lead  is  14.f     By  dis- 
solving a  given  weight  of  lead  in  nitric  aci*1,  eva|»orating  the 
ftohition  to  dryness^  and  weighing  the  salt,  it  is  easy  to  show 
that  this  oxide  is  a  cnmpound  of  ^^H 

,  1  atom  lead  !•)  ^^H 

I  I  1  atom  oxygen  I  ^^M 

^nlMtequently  tlie  atomic  weiglit  of  lead  bid.  I 

"Ulien  lead  is  kept  melted  in  an  open  ves<wl,  its  surface  is  m 

soon  covered  \rith  a  gray  coloured  pellicle.     When  this  pelli-  I 

de  LH  removed^  another  succeeds  it;  atid  by  continuing  the  I 

heat  the  whole  of  tlie  lead  may  soon  be  converted  into  this  I 

substimce.     If  these  pellicles  be  heated  and  agitated  for  a  short  I 

time  in  an  open  vessel,  they  assume  the  form  of  a  greenish  I 

yellow  powder.     Mr.  Proust  has  fihown  that  this  powder  is  a  I 

mixture  of  yellow  oxide  and  a  portion  of  lead  in  the  metallic  I 

state.     It  owes  its  green  colour  to  the  blue  and  yellow  powders  I 

which  are  mixed  in  it.     If  we  continue  to  expose  this  powder  I 

to  heat  for  some  time  longer  in  an  open  vessel,  it  absorbs  more  ■ 

oxygen,  assumes  a  yellow  colour,  and  is  then  known  in  com-  ■ 

*  I  stftted  in  the  fbmier  editions  of  this  work  dial  litharge  contained  car-  ■ 

botiic  acid*     1  fotmd  a  specimen,  from  an  af>othecary  in  Edinburgh,  to  con-  ■ 

tain  cnrbomr  aeid.     Bnt  I  H;»ve  since  examined  about  30  specimens  which  H 

1  ^elected  myself  from  the  different  smelting  houses  in  the  north  of  Eng-  fl 

(and,  aitct  found  them  tdl  destitute  of  this  acid.     There  cannot  be  a  doubt  ■ 

«t*fure  that  Ijthiuige  is  pure  protoxide  of  lead.  I 

^irst  Principles,  i.  395*  ■ 

I                                                  2o  I 
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Chap.  III.  merce  by  the  name  of  massicot.  The  reason  of  this  change  b 
obvious :  the  metallic  portion  of  the  powder  gradually  absorbs 
oxygen,  and  the  whole  of  course  is  converted  into  yellow  oxide. 

2.  If  massicot,  ground  to  a  fine  powder,  be  put  into  a  furnace, 
and  constantly  stirred  while  the  flame  of  the  burning  ooab 
plays  against  its  surface,  it  is,  in  about  48  hours,  converted  into 
a  beautiful  red  powder,  known  by  the  name  of  minium  or  red 
lead.*  This  powder,  which  is  likewise  used  as  a  paint,  and  fn 
Red  oxide,     various  other  purposes,  is  the  red  oxide  of  lead. 

Red  lead  is  a  tasteless  powder,  of  an  intense  red  colour, 
often  inclining  to  orange,  and  very  heavy ;  its  specific  gravity, 
according  to  Harepath,  being  9*096.  It  loses  no  sensible 
weight  in  a  heat  of  400®;  but  when  heated  to  redness,  itgiTtt 
out  oxygen  gas,  and  gradually  runs  into  a  dark  brown  gh»  (if 
considerable  hardness.  By  this  treatment  it  loses  from  four  to 
seven  parts  in  the  hundred  of  its  weight,  and  a  part  of  the  lead 
is  reduced  to  the  metallic  state.  Red  lead  does  not  appear  to 
combine  with  acids.  Many  acids  indeed  act  upon  it,  but  tker 
reduce  it  in  the  first  place  to  the  state  of  yellow  oxide. 

If  we  pour  distilled  vinegar  on  red  lead,  and  digest  it  fir 
some  time,  a  portion  of  protoxide  is  dissolved,  and  the  red  lei^ 
loses  its  scarlet  colour  and  assumes  a  dark  brownish  red  tinge. 
We  see  from  this  that  red  lead  is  a  mixture  or  compoimd  d 
protoxide  and  deutoxide  of  lead.  I  believe  the  proportions  rarr. 
But,  in  one  experiment,  with  a  very  fine  specimen,  the  red 
lead,  after  this  treatment,  was  found  to  have  lost  nearly  hS 
its  weight.  The  dark  brown  matter  that  remains  is  deutoxifc 
of  lead.  I  have  shownf  by  an  experiment  which  I  consider  is 
conclusive,  that  deutoxide  of  lead  thus  purified  is  a  compound  of 
1    atom  lead  .  .        13 

1^  atom  oxygen  .         .  1-5 

14-5 

Its  atomic  weight  is  therefore  14*5.  So  far  as  is  known  ^ 
present  this  oxide  does  not  possess  the  property  of  unitte 
either  with  acids  or  bases.  When  heated  to  redness  it  rives  <»• 
oxygen,  and  is  reduced  to  protoxide.  When  digested  in  i 
phurous  acid  sulphate  of  lead  is  formed.  Nitric  acid  conTere 
it  into  protoxide  and  peroxide. 

♦  See  an  account  of  the  method  of  mann&cturiDg  red  iead  in  Witsd''  I 
Chemical  Essays,  iii.  338. 
t  First  Principles,  i.  398. 
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3,   If  nitric  acid,  oi  tlie  specific  gravity  1*260,  be  poured  f*miiyiv. 
upon  red  lead,   165  parts  of  the  oxide  are  dissolved;  but  15. 


jjiiTt^  remain  in  tlie  sUite  of  a  black  or  rather  deep  brown  pow-  P«^s^d«. 
der,*  Thi^  ls  the  /Jtrojuk  or  brown  oxide  of  kad^  first  disco- 
vered by  iSelieele.  It  may  be  prepared  in  the  following  man- 
ner, which  was  pointed  out  by  Prou2»t,  and  afterwanU  still 
fiirther  im|>roved  by  \'auquelin ;  Pnt  a  quantity  of  red  oxide 
of  lead  into  a  vessel  partly  tilled  with  water,  and  make  chlorine 
gas  pass  into  it  The  oxide  becomes  deeper  and  deeper  col- 
oured, and  is  at  last  dissolved.  Pour  potash  into  the  solution, 
and  tJie  brown  oxide  of  lead  precipitates*  By  this  process  68 
parts  of  brown  ojdde  may  be  obtained  for  every  100  of  red 
oxide  employed.f 

This  oxide  is  a  tasteless  powder  of  a  flea-broHn  colour,  and 
having  a  specific  gravity,  according  to  Harepatb,  of  8-902,  It 
is  not  acted  on  by  sulphuric  or  nitric  acids.  From  muriatic 
acid  it  absorbs  hydrogen,  and  converts  it  into  chlorine.  Wlien 
heated  it  gives  out  the  half  of  its  oxygen  and  is  converted  into 
yellow  oxide4  Hence  it  is  obvious  that  the  peroxide  of  lead 
is  a  compound  of 

1  atom  lead  *         .         .  13 

2  atoms  oxygen    ...  2 

15 

4,  All  the  oxides  of  lead  are  very  easily  converted  into  glass :  cupci«uoii, 
and  in  that  state  they  oxidize  and  combine  with  almost  all 
the  other  metals  except  gold^  platinum,  «{ilver,  and  the  metals 
recently  discovered  in  crude  platina.  This  property  renders 
lead  exceedingly  useful  iii  separating  gold  and  silver  from  the 
baser  metals  wnth  which  they  happen  to  be  contaminated. 
The  gold  or  silver  to  be  purified  is  melted  along  w^ith  lead,  and 
kept  for  some  time  in  that  state  in  a  flat  cup,  called  a  ctipel^ 
made  of  burnt  bones,  and  the  ashes  of  worn!.  The  lead  m 
gradually  vitrified,  and  sinks  into  the  cupel,  carrying  along 
wnth  it  all  the  metals  w4iich  were  mixed  with  the  silver  and 
gold,  and  leaving  these  metals  in  the  cupel  in  a  state  of  purity. 
Tliis  process  is  trailed  aqieUaticm, 

IIL  When  lead  is  introduced  into  chlorine  gas  it  does  not  ^*>*"»«>e. 
burn ;  but  it  absorbs  the  gas,  and  is  converted  into  chloride  of 

t'^"^.     This  substance  is  easily  obtained  by  mixing  a  solution 
Scheelc,  i.  I  la,  aad  Proust,  Ann.  de  Chim.  xxiii.  98. 
Fourcroy,  iv.  91.  \  BerzcUus;  Ann-  de  Chim.  Ixxviii.  16, 
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Q"!*'^"'  of  nitrate  of  lead  with  a  solution  of  common  salt  A  preci- 
pitate falls,  consisting  of  small,  white,  silky  crystals.  When 
these  crystals  are  heated  they  melt,  but  do  not  lose  any  weight, 
showing  that  they  were  in  the  state  of  chloride.  This  com- 
pound was  formerly  distinguished  by  the  name  of  plumbum  cor- 
neumj  or  horn  lead.  It  is  a  semi-transparent  grayish-white 
mass,  having  some  resemblance  to  horn  in  appearance.  When 
heated  in  the  open  air  it  partly  evaporates  in  a  white  smoke; 
but  when  the  access  of  air  is  excluded,  it  remains  fixed  at  a 
red  heat.  Dr.  John  Davy  first  showed  that  this  chloride  is  a 
compound  of 


1  atom  lead 
1  atom  chlorine 


13 
4-5 


Dlchlorkte. 


Turntt*! 
yellow. 


Bromide. 


17-5* 

There  is  another  chloride  of  lead  which  may  be  obtained  by 
digesting  the  common  chloride  in  a  solution  of  potash.  It  is  a 
white  powder,  which  was  first  pointed  out  by  Vauquelin.f  It 
has  not  been  analyzed,  but  is  probably  a  dichloride,  or  a  com- 
pound of 

2  atoms  lead  .         •         26 

1  atom  chlorine  .         .  4*5 


30-5 


What  is  called  Turner's,  or  patent  yellow,  is  probably  a 
mixture  of  this  dichloride  and  oxide  of  lead.  It  is  prepared  by 
-mixing  one  part  of  moistened  common  salt  with  about  seven 
parts  of  litharge.  The  conmion  salt  is  decomposed,  and  soda 
set  free.  The  residual  matter,  after  washing  out  the  soda, 
being  fused,  becomes  yellow,  and  constitutes  the  pigment  in 
question. 

IV.  When  some  drops  of  a  hydrobromate,  dissolved  in  water, 
are  let  fell  into  a  solution  of  lead,  a  white  precipitate  fells, 
having  the  crystalline  appearance  of  chloride  of  lead.  When 
strongly  heated  this  matter  fuses  into  a  red  liquor,  which  gives 
out  white  fumes,  and  which,  on  cooling,  concretes  into  a  beau- 
tiful yellow  substance — This  bromide,  when  in  a  state  of  dis- 
integration, is  decomposed  by  nitric  and  sulphuric  acids,  bro- 
mine being  disengaged.  But  after  fusion  it  is  not  attacked  by 
nitric  acid ;  though  it  may  be  still  decomposed  by  boiling  sul- 


*  Phil.  Trans.  1812,  p.  185. 


t  Ann.  de  Chini.  xxxi.  3. 
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phuric  acid.     This  bromide  Inm  not  been  subjected  to  analysis, 
but  there  axn  be  litrle  doubt  that  it  h  a  cornpouiid  of 
I  atom  Ijroniiiie  .         .  10 

1  atom  lead  .         .         .         13 


Sect  IIL 


*23« 


V,  Lead  combines  readily  with  iodine  when  the  two  sub- 
stances are  heated  together.  The  iodide  of  lead  has  a  fine 
yellow  colour.  It  is  precipitated  whenever  a  hydriodate  is 
dropped  into  a  sohitlori  eontaiuing'  lead.  It  is  irtsoluble  in 
water.  It  dL<solve«  in  potasli  ley,  and  in  distilied  vinegiir,  at 
a  boiling  temperature,  and  precipitates  when  the  solution  eoob 
in  yeUow  plates.  Though  tliis  iodide  has  not  been  analyzed, 
there  can  be  no  doubt,  from  analogy,  that  it  consists  of 
1  atom  lead       •         .  .  13 

1  atom  iodine  .         .         15*75 


28-75 
VL  Nothing  IS  known  respecting  any  combinations  which 
lead  may  be  capable  of  forming  with  hydrogen,  azote,  carbon, 
or  boron. 

VII.  BerzeliiiH  found  that  lead  and  silicon,  when  fused 
togetlier  before  the  blow-pij>e,  formed  an  alloy  which,  when 
dissolved  in  nitric  acid,  left  a  small  qiumtity  of  silica  behintl  itf 

VIII,  Fhospiujretof  lead  may  be  formed  by  mixing  together 
equal  parts  of  filings  of  lead  and  pliosplioric  glass,  and  then 
fusing  them  in  a  crucible.  It  may  be  cut  with  a  knife,  but 
separates  into  plates  when  hammered.  It  is  of  a  silver-white 
colour  witli  a  shade  of  blue,  but  it  soon  tarnishes  when  exposed 
to  the  air.  This  phospburet  may  also  be  formed  by  dropi>ing 
phosphorus  into  melted  lead.  It  is  composed  of  about  Tipurts 
of  phosphorus  and  88  of  lead.J  This  approaches  1  atom  of 
lead  and  I  atom  of  phosphorus. 

I  X»  There  seem  to  be  three  combinations  of  sulphur  and 
lead. 

L  Sulphuret  of  lead  may  be  formed,  either  by  stratifying 
its  two  component  parts  and  melting  them  in  a  crucible,  or  by 
dropping  sulphur  at  intervals  on  melted  lead.  The  sulphuret 
of  lead  is  brittle,  brilliant,  of  a  deep  blue-gray  colour,  and 
much  less  fusible  than  lead-     These  two  substances  are  often 

«  Balard ;  Ann.  de  Chim.  et  de  Fhy«.  xxxu,  359. 
f  Annals  of  Philosophy  (2d  series),  x-  120, 
I  PelletieTp  Ami.  de  Chim-  xiii*  I  l-U 
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^^^^^^^  found  naturally  combined;  the  compound  is  then  called pofeno, 
and  is  usually  crystallized  in  cubes.  The  specific  granty 
varies  somewhat,  but  is  not  much  below  7-6. 

It  has  been  established  by  the  most  unexceptionable  experi- 
ments that  it  is  a  compound  of 

1  atom  lead  •         .  13 

1  atom  sulphur         .        •  2 

15 

When  exposed  to  a  red  heat  it  partly  sublimes  in  the  stiie 
of  sulphate  of  lead.  If  it  be  mixed  with  iron  and  heated,  dff 
sulphur  unites  to  the  iron  and  sets  the  lead  at  liberty.  Thii 
method  of  reducing  lead  from  galena  is  practised  in  some  parte 
of  the  Continent.  When  treated  with  nitric  acid,  it  may  be 
converted  into  sulphate  of  lead.  Digestion  in  concentrated 
muriatic  acid  converts  it  into  chloride  of  lead,  while  sulphur- 
etted hydrogen  gas  is  evolved. 
DiMipiiBnt  2.  Arfvedson  found  that  when  a  current  of  dry  hydrogen 
gas  is  passed  over  sulphate  of  lead  heated  to  redness,  as  kif 
as  decomposition  goes  on,  the  lead  is  reduced  to  the  metalik 
state,  while  all  the  oxygen  and  half  the  sulphur  of  the  add  k 
abstracted.*  It  is  obvious  that  by  this  process  a  disulphnret 
of  lead  or  a  compound  of 

2  atoms  lead  .         •  26 

I  atom  sulphur       .         •  2 

28 
was  formed. 
Bifuiphixfet  3.  Besides  this  common  sulphuret  of  lead  there  occurs  ano- 
ther occasionally,  lighter  in  colour,  and  less  brilliant,  whick 
burns  in  the  flame  of  a  candle,  or  when  put  upon  burning  ccak 
emitting  a  blue  flame.  This  variety  of  galena  is  not  uncon- 
mon  in  the  north  of  England.  I  had  an  opportunitj'  of  anal- 
yzing a  specimen  of  the  kind  of  lead  ore  from  Ireland,  ana 
found  it  a  compound  of 

12  atoms  lead, 

13  atoms  sulphur. 

The  only  simple  view  that  can  be  taken  of  such  a  compooni 
is  to  consider  it  as  a  mixture  of  combinations  of 

I I  atoms  sulphuret  of  lead, 

1  atom  bisulphuret  of  lead. 

^  Ann.  de  Chim.  et  de  Pbys.  %jlvu.  IM. 
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And  if  this  v\ew  be  admitted^  it  h  plain  that  a  bisulphiiret  of  ^"*^^s^' 
lend  must  exist,  though  it  has  rmt  yet  been  formed  artificially. ^^ 

X.  Loa*l  and  seieiiium  readily  unite,  and  lieat  L*  e^H>lved  ***«*^*- 
during  the  i^ombinution.  The  lead  swellsj  and  furms  a  jiorous 
mass  of  a  gray  coU»ur,  whicli  does  not  melt  at  a  red  heat ;  l)ut 
h  nofu  easily  polished,  and  tlien  lins  the  whiteness  of  silver^ 
When  heated^  it  g'ives  out  a  little  selenium,  and  then  sublimes 
in  part  iJi  tlie  form  of  a  white  smoke.* 

XI.  Lead  and  arsenic  maybe  combined  by  fusion.     The. 
alloy  is  brittle,  dark-coloureil,  ami  composed  of  plat4*s.     Lead 
takes  up  ^th  of  its  weight  of  arseiiict     This  corresponds  very 
nearly  witli 

2  atoms  lead  .         ,         26 

1  atom  arsenic  ,         *  4*75 
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XIL  When  equal  parts  of  lead  and  antimony  are  fased,  the  A''**"«*'^<-'*- 
alloy  is  porous  and  brittle ;  3  parts  of  lead  and  1  of  antimony  ■ 

form  a  compact  alloy,  malleable,  and  mnch  harder  than  lead:  ^ 

V2  pa.rts  of  lead  and  1  of  antimony  form  an  alloy  very  malleablej 
and  a  good  deal  harder  than  lead :  1 6  parts  of  lead  and  1  of 
antimony  constitute  an  alloy  of  very  nearly  10  atoms  lead  and 
1  antimony:  1*2  lead  and  I  antimony  is  very  nearly  7-5  atoms 
lead  and  I  atom  antimony;  while  3^1ead  and  1  antimony  ap- 
pntacli  2  atoms  of  lead  and  1  of  antinnuiy. 

X 1 1 L  Ten  [mrts  of  lead  and  oneof  molybdenum,  when  melted 
together,  form  an  alloy  which  is  somewhat  malleable^  and  whiter 
than  pure  lead.  When  kept  heated,  the  lead  partly  eliquatea. 
When  the  proportion  of  molybdenum  is  increased,  the  alloy 
becomes  brittle,  *liirk-coloured,  and  more  dilBcidt  of  fusion 4 

XIV»  WiUi  loo  lead  and  100  tungsten,  a  button  wiis  obtain- 
ed of  a  dull  dark  brom!;i  with  very  little  lustre,  spongy,  very 
ductile,  and  splitting  into  leaves  when  hammered ;  it  weighed 
127  grains. 

XV,  Lead  may  be  easily  alloyed  with  potassium.  The  two 
metids  unite  when  the  heat  is  raised  sufficiently  high  to  fuse  the 
lead.  The  alloy  is  very  fusible  and  brittle.  Its  textnre  is  fine 
granular.  When  exposed  to  the  air  it  Ls  speedily  destroyed- 
It  effervesces  in  water.  The  potassium  is  converted  into  potash, 
and  the  lead  renuiins  unaltered.§    Serullas  formed  this  Jilloy  by 

•  Berzeliuf,  Ann.  de  Chim.  et  «ic  Phys-  x.  246,  +  Bcfgmnii. 

%  Crell*s  Aiinits,  lit  386- 

S  Qmy-Uiastfc  lod  Theuard  ;  Recherches  Physico-chlmiqaei^  i.  218. 
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ci»«^  111-  exposing  to  a  strong  heat  for  2  hours  in  a  covered  crucible,  a 
mixture  of  100  parts  litharge  and  60  calcined  cream  of  tartar. 
The  alloy  is  silver  white  and  breaks  very  easily.* 

The  alloy  of  lead  and  sodium  may  be  formed  in  the  same  man- 
ner. This  alloy  has  some  ductility.  It  is  fine  granular,  and  bas 
a  bluish-gray  colour,  and  is  nearly  as  fusible  as  lead.  Wheo 
exposed  to  the  air,  or  placed  under  water,  the  sodium  is  speedDy 
converted  into  soda,  and  the  lead  separates  unaltered.f 

XVI.  We  do  not  know  the  alloys  which  lead  forms  with  die 
metallic  bases  of  the  alkaline  earths  and  earths  proper. 
Mioy  with  XVII.  The  older  chemists  affirm,  that  iron  is  not  taken  up 
by  melted  lead  at  any  temperature  whatever,  but  that  it  con- 
stantly swims  upon  the  surface.  Muschenbroeck,  however,  suc- 
ceeded in  uniting  by  fusion  400  parts  of  iron  with  134  parts  of 
lead,  and  formed  a  hard  alloy,  whose  tenacity  was  not  j  of  tbt 
of  pure  iron.  The  specific  gravity  of  an  alloy  of  10  iron  and 
1  lead,  according  to  him,  is  4*250.:):  The  experiments  of  Guy- 
ton  Morveau  have  proved,  that  when  the  two  metals  are  melted 
together,  two  distinct  alloys  are  formed.  At  the  bottom  is  found 
a  button  of  lead  containing  a  little  iron;  above  is  the  iron  com- 
bined with  a  small  portion  of  lead.§ 

XVI II.  Lead  cannot  readily  be  combined  with  nickel  by 
fusion. 

XIX.  It  was  supposed  formerly  that  cobalt  does  not  combine 
with  lead  by  fusion ;  for  upon  melting  equal  parts  of  lead  and 
cobalt  together,  both  metals  are  found  separate,  the  lead  at  ihe 
bottom  and  the  cobalt  above.  Indeed,  when  this  cobalt  is  melted 
with  iron,  it  appears  that  it  had  combined  with  a  little  lead; 
for  the  iron  combines  with  the  cobalt,  and  the  lead  is  separated. 
But  Gmelin  has  shown  that  the  alloy  may  be  formed.  He 
put  cobalt  in  powder  within  plates  of  lead,  and  covered  them 
with  charcoal  to  exclude  the  air.  He  then  applied  heat  to  the 
crucibles  containing  the  mixtures.  Equal  parts  of  lead  awi 
cobalt  produced  an  alloy,  in  which  the  metals  appeared  pretty 
uniformly  distributed,  though  in  some  cases  the  lead  predomi- 
nated. It  was  brittle,  received  a  better  polish  than  lead,  wbici 
metal  it  resembled  rather  than  cobalt ;  its  specific  gravity  vife 
8*12.  Two  parts  of  lead  and  one  of  cobalt  produced  an  unifonfi 
mixture,  more  like  cobalt  than  lead,  very  little  malleable,  and 

*  Ann.  tie  Mines,  viii.  151. 

f  Gay-Lussac  and  Thenard;  Recherches  Physico-chimiques,  L241. 
t  Wasserberg,  i  212.  §  Ann.  de  Chim.  Im  47. 

II  Gellert,p.  137. 
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softer  than  the  last.  Its  specific  f^raWty  was  6'^8.  Four  parts 
of  lead  and  one  of  coljult  formed  an  alloy  still  brittle,  and  hav- 
ing' the  fracture  of  eubalt^  l>ut  the  polish  of  lead.  It  was  harder 
timii  lead.  Six  parts  of  lead  and  one  of  cobalt  forme*!  an  alloy 
more  malleable,  and  harder  than  lead.  Its  speeilic  g^ravity  was 
9*65.  Ei^lit  parts  of  lead  and  one  of  cobalt  was  still  harder  than 
lead,  and  it  received  a  better  polisli.  It  was  as  malleable  as 
lead.     Itj*  Kjiecific  gravity  was  9*78. • 

XX.  We  do  not  know  tlie  alloys  which  lead  forms  with 
manganese,  cerium,  and  uranium. 

XXL  The  alloy  of  lead  and  zinc  has  been  examined  by 
Wallerius,  Gellert,  Mo^chenbroeck,  and  Ctmelin.  Tlib  last 
chemist  succeeded  in  forming  the  alloy  by  fasion.  He  put  some 
suet  into  the  mixture,  and  covered  the  crucible,  in  order  to 
prevent  the  evaporation  of  the  zinc.  When  the  zinc  exceeded 
the  lead  very  much,  I  lie  alloy  was  malleable,  and  much  harder 
than  lead*  A  mixture  of  two  parts  of  zinc  and  one  of  lead 
formed  an  alhty  more  ductile  and  harder  than  the  last.  A  mix- 
ture of  equal  parts  of  zinc  and  lead  formed  an  alloy  differing 
little  in  ductility  and  colour  from  lead ;  but  it  was  harder,  and 
more  susceptible  of  polish,  and  much  more  sonorous.  When 
the  mixture  contained  a  smaller  quantity  of  zinc,  it  still  ap- 
proached nearer  the  ductility  and  ctdour  of  lead,  but  it  con- 
tinued hanler,  more  son  or  oils  and  suscej>tible  of  polish,  till 
the  proportions  approached  to  I  of  zinc  and  16  of  lead,  when 
tlie  alloy  differed  from  the  last  metal  only  in  being  somewhat 
harder,  f 

XX 11.  The  alloy  of  bismuth  and  lead  Ls  brittle;  its  colour 
is  nearly  that  of  bismuth  ;  its  texture  lamellar;  and  Its  specific 
gravity  greater  than  the  mean.  According  to  Muscbenbroeck, 
tlie  specific  gravity  of  an  alloy  of  equal  parts  bismutliand  silver 
is  lt>'70974 
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SECTION  IV. OF  TIN. 

Tin  was  knowTi  to  the  ancients  in  the  most  remote  ages.  Tlie  Hi^wvy. 
Pha^uicians  procured  it  from  Spain  §  and  from  Britiiin,  with 
which  nations  they  carried  on  a  very  lucrative  commerce.  At 
how  early  a  period  they  imported  this  metal  we  may  easily  con- 
ceive, if  we  recollect  that  it  was  in  common  use  in  the  time  of 
Moses,  II 


^^m  ^  Ann,  de  Chtm.  lix.  357.         f  ibid,  ix.  05. 
^B$  Pltny^  lib*  ir,  cap«  M,  and  lib.  xnxiv.  cap.  47. 


J  Wasserberg,  i.  I  GO. 
II  Numbers  xxxi,  22, 
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chaih  "I.  Tin  is  rather  a  scarce  metal,  and  it  occurs  in  the  earth  ib 
only  two  forms;  namely  that  of  peroxide^  usually  contaminated 
with  a  certain  portion  of  oxides  of  iron  and  manganese;  and  of 

oref  a  double  sulphuret  of  tin  and  copper,  which  however  is  a  Teiy 

rare  mineral.  There  are  but  few  spots  on  the  surface  of  tbe 
earth  where  the  ores  of  tin  occur  in  any  considerable  quantity* 
Cornwall  has  been  celebrated  for  its  tin  mines  from  the  remoM 
ages,  and  it  still  is  the  most  productive  country  in  Europe.  Tke 
mountains  which  separate  Galicia  from  Portugal,  were  akoTOj 
productive  of  tin  in  ancient  times,  and  still  continue  unexhaust- 
ed. The  mountains  between  Saxony  and  Bohemia,  have  been 
wrought  as  tin  mines  for  several  centuries,  and  still  continBe 
productive.  These  are  the  only  localities  of  tin  ores  in  Europe. 
Mines  of  it  occur  in  the  peninsula  of  Malacca  in  India,  in  CldE^ 
and  in  Mexico ;  but  we  are  still  destitute  of  a  good  geologiol 
account  of  the  districts  where  they  occur. 

The  only  ore  of  tin  from  which  the  metal  is  extracted  is  6«- 
stxme^  or  the  peroxide  of  tin  and  iron.  It  occurs  in  Comvil 
in  two  states.  1.  In  veins,  where  it  is  intimately  mixed  wid 
a  considerable  number  of  other  minerals,  from  which  it  isdif- 
cult  to  free  it.  2.  In  loose  grains  or  sand  in  alluvial  6(hL  Ii 
this  state  it  goes  by  the  name  of  ^ream-iin^  and  it  is  free  fr« 
every  impurity  except  nodules  of  hematite.  Hence  it  is  fioi 
stream-tin  that  the  purest  metal,  known  by  the  name  olgnit 
tin,  is  extracted,  llie  Mock-tin,  which  is  less  pure,  is  obteisel 
from  the  ore  dug  out  of  veins. 

HS^^  The  first  process  to  which  the  ore  is  subjected  is  ffrin(^»§' 
The  ground  ore  is  then  washed,  which  removes  a  great  deal^^ 
impurity.  For  the  specific  gravity  of  tin  ore  is  so  high,  thairt 
is  easy  to  wash  away  the  earthy  matter,  and  even  some  diki 
foreign  metallic  ores  with  which  it  is  naturally  mixed.  Bat 
there  are  other  bodies  so  nearly  of  the  same  specific  gravity  «^ 
the  tin  ore,  that  they  cannot  be  washed  away.  The  next  p^*- 
cess  is  roasting  the  ore  in  a  reverberatory  furnace ;  this  eif** 
the  sulphur  and  arsenic  with  which  the  foreign  matters  verf 
combined,  and  thus  diminishes  their  specific  gravity  so  md 
that  they  can  now  be  washed  away. 

The  tin  ore  thus  freed  as  much  as  possible  from  foreip 
matter,  is  mixed  with  Welch  culm  and  limestone,  and  beat** 
strongly  in  a  reverberatory  furnace  so  as  to  bring  the  whole  inS'' 
the  state  of  fusion,  which  is  kept  up  for  about  8  hours.  Tb 
lime  unites  with  the  earthy  matters  still  mixed  with  the  ore,  *^ 
flows  with  them  into  a  liquid  glass,  while  the  coal  reduces  i^ 
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oxide  of  tin  to  tlie  metiilHc  state.  It  tumbles  by  its  weigbt  to 
tbe  bottom,  and  is  at  the  end  of  about  8  boiirs  let  out  by  tap- 
ping a  hole  in  the  funiace  which  liatl  been  filled  with  clay. 

The  tin  tbtis  obtiilued  U  srill  very  impure.  It  Ls  put  back 
into  r!*e  furnace,  and  exposed  to  a  heat  just  sufficient  to  melt  it. 
Tbe  pure  tin  flows  out  into  a  kettle,  while  a  quantity  of  impu- 
rity remains  behind  not  melted*  The  tin  in  the  kettle  is  kept 
in  fusion  and  ;igiuited,  l>y  which  a  quantity  of  impurity  accu- 
mulates on  tbe  surface.  It  is  skLmmed  off,  and  tbe  tin  now  refined 
is  cast  into  blocks,  weighin|jj  each  about  3ewt.  The  stream-tin 
is  smelted  by  means  of  charcoal,  and  tbe  fire  is  urged  by  beOows. 
Hence  t!ie  place  where  the  process  is  conducted  Ls  called  a 
bkn/'inff'houjie.  The  mass  of  grain-tin  is  heated  till  it  become 
brittle,  it  is  tlien  let  fall  from  a  height.  By  this  it  splits  into  a 
great  number  of  irregular  prisms  somewhat  like  hiisalt  pillars. 
This  splitting  Is  a  mark  of  the  purity  of  the  tiuj  for  it  does  not 
happen  when  the  tin  is  impure.* 

Tbi  when  pure  has  a  fine  white  colour  like  silver;  and  wlien 
fresh,  its  brilliancy  is  very  great.  It  has  a  slightly  disjigreeable 
taste,  and  emits  a  peculiar  smell  when  rubbed.  Its  hardness  is 
between  that  of  gold  and  lead.  Its  specific  gravity,  according 
to  Harepath,  is  7'*285.f  Brisson  states  it  at  7-291,  and  informs 
us  that  by  hammering  it  may  be  made  as  high  as  7-2994 

It  is  very  malleable  :  tin  leaf,  or  tinfoil  as  it  is  called,  is  about 
W(55  P®*"^  of  an  inch  thicks  and  it  might  be  beat  out  into  leaves 
as  thin  agam  if  such  were  wanted  for  the  purposes  of  art.  Its 
ductility  and  tenacity  are  much  inferior  to  that  of  most  of  the 
metids  knowTi  to  the  ancients.  A  bar  of  tin,  \  inch  in  diameter, 
is  broken  by  a  weight  amounting  to  296  lbs,§  Hence  a  tin 
wire  i^gtb  of  an  inch  in  diameter  would  be  just  broken  by  a 
weight  amounting  to  47*06  lbs.  avoirdupois.  According  to  the 
experiments  of  Guy  ton  de  Morveau,  a  tin  wive  0-078  inch  in 
diameter  is  capable  of  supporting  a  weiglit  of  34*7  pounds  only 
without  breaking.  |j  Tin  is  very  flexible,  and  produces  a  remark- 
able crackling  noise  when  bended, 

•  For  a  more  minute  detail  of  the  proce»se«  followed  in  Cornwall  for 
smelting  tin,  the  render  is  referred  to  a  paper  by  IMr.  John  Taylor,  Annals  of 
Philosophy  (*d  series),  iiL  449;  and  to  another  paper  on  the  subject  b?  M. 
Bon  oar  d.  Jour.  dc»  Mines,  xiv.  443. 

f  PhiL  Mag.  Uiv.  322. 

\  Four  spedmem  of  Malacca  tin  gave  the  folia  wing  specific  gravitiei; 
7*26;  7-29;  7  27;  7'2a. 

$  Rennie,  Phil.  Tnms.  1818,  p*  126. 

I  MorveaUp  Ann,  de  ChijD.  IxxL  223. 
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Chap.  III.  When  heated  to  the  temperature  of  442®*  it  melts;  hot  i 
very  violent  heat  is  necessary  to  cause  it  to  evaporate.  Whei 
cooled  slowly,  it  may  be  obtained  crystallized  in  the  form  oft 
rhomboidal  prism.f 

oxid«.  II.  When  exposed  to  the  air  it  very  soon  loses  its  lustre^ 

and  assumes  a  grayish-black  colour,  but  undergoes  no  ftrtfacr 
change ;  neither  is  it  sensibly  altered  by  being  kept  under  cold 
water ;  but  when  the  steam  of  water  is  made  to  pass  over  re^ 
hot  tin,  it  is  decomposed,  the  tin  is  oxidated,  and  hydr«^n  g» 
is  evolved4 

When  tin  is  melted  in  an  open  vessel,  its  surface  becomes 
very  soon  covered  with  a  gray  powder,  which  is  an  oxide  of  tie 
metal.  If  the  heat  be  continued,  the  colour  of  the  powder  gra- 
dually changes,  and  at  last  it  becomes  yellow.  When  tin  n 
heated  very  violently  in  an  open  vessel,  it  takes  fire,  andisooo- 
vertcd  into  a  white  oxide,  which  may  be  obtained  in  crystals. 
The  first  correct  experiments  on  the  oxides  of  tin  were  made 
by  Proust.§  The  subject  was  afterwards  investigated  by  Dr.  Jobs 
Davy,  II  Berzelius,f  and  Gay-Lussac.**  It  forms  two  03dd«& 
The  protoxide  has  a  black  colour ;  but  when  combined  wick 
water  is  white.  The  peroxide  is  yellow^  and  in  certain  drcum- 
stances  transparent^  and  nearly  white. 

J.  Protoxide  1.  The  black  oxide  or  protoxide  may  be  obtained  by  the  (A- 
lowing  process :  Dissolve  tin  in  muriatic  acid  till  a  saturated 
solution  is  obtained.  Precipitate  the  liquid  by  means  of  cv- 
bonate  of  soda.  Collect  the  precipitate  on  a  filter  and  wa^fi 
well,  then  press  it  between  folds  of  filtering  paper,  and  dn*  itis 
a  temperature  not  exceeding  180°.  By  tliis  process  a  white  pow- 
der is  obtained,  which  is  a  hydrated  protoxide,  and  contains  do 
carbonic  acid.  Put  it  into  a  small  retort,  which  must  be  filW 
with  hydrogen  or  carbonic  acid  gas,  and  the  receiver  had  better 
be  filled  with  the  same  gas.  Then  raise  the  retort  gradually  toaa 
incipient  red  heat^  the  water  will  be  driven  off,  and  the  protox- 
ide of  tin  remains  behind  in  a  state  of  purity.  It  is  a  bbrf 
powder,  without  much  lustre,  tasteless,  and  insoluble  in  watei. 
It  may  be  kept  in  a  dry  place  without  undergoing  alteratioD; 

•  Crichton,  Phil.  Mag.  xv.  147.  This  experiment  was  repeated  by* 
Crichton,  jun.  with  the  same  result. 

t  Pajot,  jour,  de  Phys.  xxxviii.  32. 

\  Bouillon  La  Grange,  Ann.  de  Chim.  xxxv.  208.  Gay-Lussac,  K^ 
Ixxx.  170. 

5  Ann.  de  Chhn.  xxviii.  213.  g  Phil,  Trans.  1812,  p.  IH 

t  Nicholson's  Journal,  xxxv.  122.  •^  Ann.  de  Chim.  Ixxx.  IT^ 
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but  in  a  moist  atmosphere  it  gradually  absorbs  oxygen^  and  is  F«muyiy, 

converted  into  peroxide.   When  heated  in  tlie  open  air  it  takes  .'- 

fire,  burns  brilliantly,  and  is  converted  into  peroxide.  Even 
the  hydrated  ]>rotoxide  trives  some  symptoms  of  burn  in  |^  when 
thus  treated,  though  tlie  combustion  is  far  inferior  to  that  of 
the  aidiydrous  protoxide*  It  dissolves  in  acids  without  efferves- 
cence, and  the  hydrate  is  more  easily  soluble  than  the  anhy- 
drous oxide.  It  dissolves  also  in  the  fixed  alkaline  ley>i.  It  is 
distinj^uished  from  the  peroxide  of  tin,  not  only  by  its  colour, 
but  hy  being  tnmifthle  in  caustic  ammonia  and  in  carbonate  of 
|IOtash,  in  both  o(  which  the  peroxide  dissolves. 

According  to  Berzelius's  experiments>  this  oxide  is  a  com- 
pound of 

Tin         100      or  7  35 
Oygen      13*6    or  I 
I  have  shewn  by  an  experiment  which  I  consider  as  decisive, 
that  it  is  a  eomponnd  of 

1  atom  tin  .         .         7'25 

1  atom  oxygen        .         .         1 


Hence  the  atomic  weif^ht  of  tin  must  he  7"'25. 

2.  The  peroxide  of  tin  exists  abundantly  native,  though  mofit  l 
commonly  not  free  from  admixture  of  iron.  When  pure  its 
colour  is  yellow;  it  is  translucent  or  almost  transparent;  it  is 
crystallized  in  octaliedrons,  having  a  square  base,  or  in  modifi- 
cations from  that  form.  Its  sjjecific  gravity  is  about  6*6,  and  it 
is  fully  as  hard  as  felspar.  It  is  quite  insoluble  in  all  acids,  till 
it  has  been  fused  with  an  alkali.  It  may  be  obtained  artificially 
by  raising  tin  to  a  white  heat  in  the  open  air,  it  takes  fire  and 
is  converted  into  peroxide.  When  the  oxide  was  formed  in 
this  way,  it  used  formerly  to  be  called  y/orrrr*  oftin^ 

It  may  be  obtained  also  by  treating  tin  with  moderately  con- 
centrated nitric  acid.  A  violent  efferv^escence  ensues,  and  the 
whole  of  the  tin  is  converted  into  a  white  powder,  which  is  de- 
posited at  the  bottom  of  the  vessel.  When  heated  so  as  to 
drive  off  all  the  acid  and  water,  it  assumes  a  yellow  colour. 
When  tin  filings  and  red  oxide  of  mercury  are  heated  together, 
the  peroxide  of  tin  is  obt^iinedof  a  white  colour;  but  in  every 
other  respect  it  possesses  the  properties  of  common  peroxide  of 
tin.f    This  oxide  does  not  dissolve  in  muriatic  acid,  but  it  forms 

•  Annals  of  Philosopby  (2d  series),  ii.  123. 
t  Bcff  elius,  NichoUou*s  Journal,  xix  v.  130. 
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Chap.  III.   a  combination  with  it  which  is  soluble  in  water.     In  the 

way  when  digested  with  potash  it  combines  ^dtk  that  alloli, 
and  the  compound  dissolves  in  water.  When  this  solutioo  if 
evaporated  it  leaves  a  yellow  jelly,  again  soluble  in  water.  It 
appears  also  to  combine  with  sulphuric  acid  though  the  cam- 
pound  does  not  dissolve  in  water,  because  that  liquid  unitaii 
preference  with  the  acid.  When  this  oxide  is  exposed  to  and 
heat  it  is  no  longer  dissolved  by  acids  or  water.  The  samepnH 
perty  is  observable  in  most  metallic  oxides.  Thus  the  peroiDik 
of  tm  is  capable  both  of  acting  the  part  of  an  acid  and  of  asiS- 
fiable  base.  But  the  union  which  it  forms  both  with  addsttJ 
bases  is  very  weak,  since  heat  alone  is  sufficient  to  sepanteit 
again. 

When  this  acid  is  formed  by  digesting  tin  in  nitric  acid,  if 
the  white  produce  be  digested  in  water  till  all  traces  of  nitne 
acid  be  removed,  and  then  dried  by  a  heat  of  about  ld2«,  it 
constitutes  a  white  matter,  which  is  a  hydrate  composed  of 
1  atom  peroxide         .         .  9*25 

1  atom  water  •         •  1*125 


10-375 

according  to  the  experiments  of  Berzelius.  In  this  state  k 
reddens  vegetable  blues.  But  after  the  water  has  been  drim 
off  it  does  not  possess  that  property.  I  find  that  if  it  be  ind 
in  a  temperature  not  higher  than  55^  or  60^  it  has  a  silky  lustte, 
and  contains  twice  as  much  water.  For  it  is  in  that  case  a  ooo- 
pound  of 

1  atom  peroxide         .         .  9*25 

2  atoms  water  .         .  2*25 


11*5 

This  peroxide  is  soluble  in  the  caustic  alkalies,  and  ako  ii 
the  alkaline  carbonates  ;  which  enables  uneasily  to  separately 
from  the  protoxide. 

When  the  peroxide  of  tin  is  obtained  by  adding  an  alkali  If 
the  aqueous  solution  of  bichloride  of  tin,  it  possesses  sevenl  I 
properties  which  distinguish  it  from  the  peroxide  prepared  kf 
means  of  nitric  acid.  It  is  soluble  in  dilute  nitric  acid,  sn!- 
phuric  acid,  and  muriatic  acid,  whereas  the  oxide  by  nitric  ai 
is  not  soluble  in  any  of  these  acids.  Doubtless  these  (Me^  { 
ences  depend  upon  the  state  of  aggregation  of  the  oxide. 

I  have  shown  by  an  experiment  which  appears  to  me  decisiTf 
that  peroxide  of  tin  is  a  compound  of 


TIN, 
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1  atom  tin 

*2  atoms  oxygen 


7*25 
2 


F«mlly  IV. 
Sect.   IV. 


9-25  • 
Berzelius  makes  the  atomic  weiglit  of  ttii  7-35.     The  expe- 
rimeiit*  of  Dr.  John  Davy  gWe  7*235  for  the  atomic  weight, 
and  Willi  these  the  analysis  of  K lap  roth  correspontk. 

IlL  Dr.  John  Davy  bis  shown  t)mr  tin  combines  with  two 
proportions  of  chlorine,  and  forms  two  cUorides^  whicli  he  hag 
examined  and  niialyzed. 

1.  Protoehloride  of  tin  may  be  fonned  by  heating  together 
an  amalgam  of  tin  and  cidomel,  or  by  evai>orating  to  drynesg 
the  protomnriate  of  tin  and  f«ising  tlie  residue  in  a  close  vessel. 
It  has  a  gray  colour,  a  resinous  Instre  and  fmcturt%  imA  takes 
fire  when  heated  in  chlorine  gas»  and  is  converted  into  perchlo- 
ride  of  till.  In  close  vessek  it  may  be  fused  at  a  heat  rather 
bebw  redne^  without  decomposition;  bat  when  strongly 
heated  il  seems  to  be  partially  deconipo^^ed.  Water  dissolves  it» 
From  Dr.  John  Davy's  analysis,  who  found  it  a  compound 
of  ICIO  tin  and  60-71  chlorine,  it  is  obvious  that  it  consists  of 
I  I  atom  tin  .         .  7-25 

I  I  atom  chlorine  .  .  4*5 


ClOohdtf. 


ProCocMow 


11-75 
It  appears  from  the  experiment  of  Proust,  confirmed  by  those 
of  Dr.  Davy,  that  when  a  little  alkali  is  mixed  with  a  solution 
of  chloride  of  tin  a  white  powder  falls,  which  is  a  dichloride  or 
compound  of 

2  atoms  tin  .         .         14*5 

I  atom  clilorine  •         •  4*5 


19 

Wlien  heated  to  redness  chloride  of  tin  sublimes,  and  a  quantity 
of  protoxide  of  tin  remains. 

%  The  perchloride  ui  tin  has  l>een  long  known  under  the 
name  of  fuming  Uqtmr  of  Liltaviusj  because  it  was  discovered 
by  Libavius,  a  chemist  of  the  16th  century.  It  is  usually  pre- 
pared by  mixirig  together  an  amalgam  of  tin  and  corroi^ive 
snblimate,  and  distilling  wath  a  very  moderate  heat.  The  pro- 
jjortiuns  that  answer  Wst,  according  to  8ulze,  are  6  p;irts  of  tin, 
1  part  of  mercury,  and  33  parts  of  corrosive  sublimate.f     The 

*  Annals  of  Philosophy  {Hd  series),  li.  12S. 
t  Gchlca's  JoiiTDJil,  iy«  43S. 
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C3MP.  iiL  distillation  is  to  be  conducted  with  a  very  moderate  heat  At 
first  a  colourless  liquid  passes  into  the  receiver,  consisting 
chiefly  of  water :  then  the  fuming  liquor  rushes  all  at  once  into 
the  receiver  in  the  state  of  a  white  vapour.  John  Davy  fonod 
that  the  perchloride  of  tin  may  be  prepared,  likewise,  by  mil- 
ing  a  concentrated  perrouriate  of  tin  witli  sulphuric  acid,  and 
distilling  with  a  gentle  heat.  It  is  formed,  likewise,  when  tin 
is  introduced  into  chlorine  gas.  The  metal  catches  fire  ml 
perchloride  sublimes. 

Fuming  liquor  of  Libavius  is  a  colourless  liquid  like  witer 
and  very  fluid.  When  exposed  to  the  air  it  smokes  withgrett 
violence,  owing,  as  Adet  first  showed,  to  its  aWdity  for  nKii»- 
tare.  When  1  part  of  water  and  3  parts  of  fuming  muriate 
are  mixed  together,  the  mixture  condenses  into  a  solid  m»SL 
Hence  the  reason  that  crystals  appear  on  the  surface  of  tlus 
liquor,  when  kept  in  a  phial,  with  a  common  cork  stopper.  It 
gradually  imbibes  moisture  from  the  air  and  crystallizes  in  coo- 
sequence.  These  crystals  fall  to  the  bottom  of  the  liquor  aoi 
remain  unaltered.  Dr.  Davy  found  that  this  liquor  acts  vitl 
great  violence  on  oil  of  turpentine.  In  one  case,  indeed,  itset 
the  oil  on  fire.  According  to  his  experiments,  perchloride  d 
tin  is  composed  of 

Tin  .         .  100 

Chlorine  •         •  140-44» 

I  made  two  analyses  of  it,  which  did  not  exactly  corre^>onJ; 
but  the  mean  did  not  differ  much  from  the  result  obtained  bf 
Dr.  Davy.  It  is  obvious  from  this  that  fuming^  liquor  of  Lih»- 
vius  generally  contains  an  excess  of  chlorine.  It  ought  tobe 
a  compound  of 

1  atom  tin  .         .  7*25 

2  atoms  chlorine       .         .  9 


Bromide. 
1.  ProCobro- 


16-25 

Now  this  is  equivalent  to 

Tin  .         .         .  .  100 

Chlorine  .         •  .  124 

It  appears  from  this  that  the  excess  of  chlorine  in  this  chlorii 
amounts  to  about  ^j^th  of  an  atom. 

IV.  Balard  has  shown  that  tin  and  bromine  unite  in  two  pr?- 
portions. 

1.  Protobromide  is  obtained  by  dissolving  tin  in  hyclrobri> 

•  Phil.  Trans.  1812,  p,  177. 


I      mic  acid,  and  evapordtiiig  tlie  solution  to  dryness*     It  is  com-   ^^^ '^' 

I     posed  of 

I  1  atom  bromine         .         .         10 

^^^^_  1  atom  tin  7*25 

^^^^  17-25 

2,  Tlie  bibromide  of  tin  may  be  formed  by  bringing"  tin  in  Bibromid*; 
contact  with  bromine.  It  catelies  fire  and  is  converted  into  a 
white  solid  body  of  a  crystalline  texture,  easily  fusible  and  vola- 
tile. It  gives  out  only  traces  of  vapours,  dissolves  in  water 
Without  tlie  evolution  of  heat,  and  forms  a  bibromate  of  tin. 
Put  into  hot  sulphuric  acid  it  liquefies  and  remains  at  the  bot- 
tom like  oiL  Nitric  acid  disengages  bromine  from  it  iustaiitly. 
It  is  composed  of 

2  atoms  bromine         *         ,         20 
1  atom  tin  .         .         .  7-25 


27-25  ♦ 

V.  Iodine  combines  readily  with  tin  wlien  the  melted  metal  iodide 
is  brought  in  confact  with  the  vapour  of  this  supporter.  The 
iodide  has  a  dirty  orange  colour,  and  is  very  fusible.  Water 
decomposes  it  completely,  converting  it  into  hydriodic  acid  and 
oxide  of  tin.  When  tin  and  io<line  arc  heated  together  under 
water,  they  act  ujton  each  other,  and  are  converted  respectively 
into  liydriodic  acid  and  oxide  of  tin.f  Thii)  iodide  has  not  been 
analyzed,  but  from  the  cliange  which  it  undergoes  when  put 
into  water,  there  can  be  no  doubt  tliat  it  is  a  compound  of 
1  atom  tin  .         •         .  7'25 

1  atom  iodine  .         .  15*75 


23 


VI.  Professor  Kastner  affirms  that  when  tin  is  dissolved  in 
moderately  strong  muriatic  acid,  the  hydrogen  gtis  extricated 
contains  tin  in  combination,  and  that  it  constitutes  simineited 
hydrogen*  It  has  a  peculiar  ajid  penetrating  odour,  and  when 
compressed  into  water  is  dissolved  in  considerable  quantity. 
It  burns  with  a  blue  light,  and  gives  off  white  fumes  of  oxide 
of  tin.  When  passed  into  a  dilute  solution  of  gold,  powder  of 
Cassius  is  immediately  formed.  On  this  account  he  recom- 
mends it  as  a  test  of  the  presence  of  minute  portions  of  gold.J 

•  Balard,  Ann.  de  Chiiii.  et  de  Phys*  xxsii.  3^9. 

f  Oay-Lyswac,  Ann,  tJe  Chim.  xci.  26. 
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Phoipburct. 


"^  The  ciily  one  of  these  phdiomena  that  I  hare  observed  is  the 

"""  peculiar  smell  of  the  hydrogen  gas  evolved.     It  is  strong  and 

very  unpleasant,  and  has  been  hitherto  ascribed  to  arsenic. 

VII.  No  combination  of  tin  with  azote,  carbon,  or  boron,  k 
at  present  known. 

VIII.  When  fused  with  silicon  a  combination  takes  place, 
according  to  Berzelius,  who,  however,  has  not  given  any  de- 
scription of  the  compound.  When  dissolved  in  acids  it  leaviei 
behind  it  a  considerable  portion  of  silica.* 

IX.  Phosphuret  of  tin  may  be  formed  by  melting,  in  a  cm* 
cible,  equal  parts  of  filings  of  tin  and  phosphoric  glass.  Til 
has  a  greater  affinity  for  oxygen  than  phosphorus  has.  Rut 
of  the  metal^  therefore,  combines  with  the  oxygen  of  the  ^afl 
during  the  fusion,  and  flies  off  in  the  state  of  an  oxide,  and  the 
rest  of  the  tin  combines  with  the  phosphorus.  The  phospharet 
of  tin  may  be  cut  with  a  knife;  it  extends  under  the  hammer, 
but  separates  in  laminae.  When  newly  cut,  it  has  the  colour 
of  silver;  its  filings  resemble  those  of  lead.  When  these 
filings  are  thrown  on  burning  coals,  the  phosphorus  takes  fire. 
Tliis  phosphuret  may  likewise  be  formed  by  droppii^  pho»* 
phorufi  gradually  into  melted  tin.  According  to  Pelleder,  tQ 
whose  experiments  we  are  indebted  for  the  knowledge  of  aD 
the  phosphurets,  it  is  composed  of  about  85  parts  of  tin  aad 
16  of  phosphoru8.f     This  corresponds  very  nearly  to 


Sulphurct 


1^  atom  tin 

1    atom  phosphorus 


11-25 
2 

13-25 


X.  Tin  combines,  in  three  proportions,  with  sulphur,  and 
forms  three  different  sulphurets. 

1.  The  sulphuret  of  tin  may  be  formed  by  fusing  tin  and 
sulphur  together,  reducing  the  compound  formed  to  powder, 
mixing  it  with  sulphur,  fusing  it  a  second  time,  and  keeping 
the  temperature  sufficiently  high  to  volatilize  the  superflnooB 
sulphur.  It  has  the  colour  of  lead,  the  metallic  lustre,  and  is 
capable  of  crystallizing.  When  dissolved  in  concentrated 
muriatic  acid  it  is  totally  converted  into  protoxide  of  tin  and 
sulphuretted  hydrogen  gas.  Hence  it  is  obviously  a  com- 
poimd  of 


*  Annals  of  Philosophy  (2d  series),  x.  120. 
f  Ann.  de  Chim.  xiii.  1 16. 
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1  atom  tin 

I  atom  sulpliur 
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F«nl1>  nr. 


^st^JY, 


L,  Gmelin  says  that  its  specific  gravity  m  greater  tliaii  that 
of  tiit*  It  la  much  more  difficult  of  ftiBioii  Hi  an  tin. 
.  2*  When  sulphiiret  of  tiiij  reduct^d  to  powder,  is  mixed  with 
the  third  part  of  its  weight  of  sulphur,  and  exposed  in  a  retort 
to  a  dull  red  heat,  it  eombiiiesi  with  an  additional  tlo«e  of  sul- 
phur, und  a  compound  is  formed,  cousistiag,  according  to  Ber- 
areliiii,  of 

1    atom  tin         ,         .         .         7,25 
IJ  atom  sulphur  .         .         3 


I 


Sc»quUuip4|U- 


10'!2a 


Thia  sesquisylphuTCt  has  a  dark  yellowish  gray  colour,  the 
metallic  lustre,  and  when  rubbed,  acquires  considerable  bril* 
lianey,  WTieu  digested  in  muriatic  iu:id,  snlplmretted  hydro- 
gen gas  is  given  out,  and  a  yellow  matter  is  left  beliind.  By 
this  process  one  half  of  the  tin  is  dissolved,  and  the  other  half 
converted  into  persulphuret  of  tin.* 

0.  Persulphuret  of  tin  has  been  long  known  in  chemistry 
under  the  name  of  aumm  mimucum  or  musirumr  mosaic  goitL 
I  do  not  know  wdien  it  was  discovered,  but  Kunkel  gives  a 
formula  for  preparing  it-  In  the  year  1771  Mr,  Woulfe  rec- 
tified the  old  process,  and  proposed  the  following  metliod  of 
midcing  this  s^lbstancx^,  which  is  much  cheaper  than  the  ohl  one. 
Mix  togetlier  1*2  parts  tin,  7  parts  sulphur,  3  parts  mercury, 
and  3  parts  siil  animoniac,  Fjxpti^e  tlie  mixture  to  a  strong 
heat  for  eight  hours  in  a  black  lead  crucible,  to  the  top  of  which 
an  ahidel  is  luted.  The  mosaic  gnhl  silbHmes,f  In  the  year 
17^  Pelletier  published  a  set  of  experiraent^s  on  this  com- 
pound, and  showed  that  it  might  be  prepared  by  heating 
togetlier,  in  a  retort,  a  mixture  of  equal  parts  of  sulphur  and 
oxide  of  tin.  Sulphurous  acid  and  sulphur  are  disengaged,  and 
mosaic  gold  remiuns4  Before  tlie  appearance  of  ibis  disserta- 
tion it  had  been  the  general  o|>inion  of  chemists  that  mosaic 
gold  IM  a  compound  of  tin  and  sulphur.  But  Pelletier  endea- 
voured to  sJiow  that  the  tin  \i'as  ui  the  state  of  an  oxide.    Proust 


*  I  entertain  some  dioiibts  respecting  the  existence  of  this  sesquiflul- 
pKurct. 
f  Phil,  Trans,  1771,  p,  H 4,  %  Ann.  de  Cliip.  xiii.  ^a 
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Q"^"^  published  a  valuable  set  of  experiments  on  it  in  1805  in  bis 
paper  on  tin.*  According  to  him  it  is  a  combination  of  sulpbir 
and  an  oxide  of  tin,  containing  less  oxygen  than  the  proUHode 
above  described.  This  opinion  was  rectified  in  1812  by  Dr« 
John  Davy,  who  demonstrated  that  this  substance  is  a  compounil 
of  tin  and  su)phur,f  and  thus  restored  the  old  chemical  tbeoiy. 
Berzelius  has  also  examined  this  compound,  and  has  come  t9i 
similar  conc}usion.:|:  Hence  there  can  be  no  doubt  that  it  ii 
really  a  sulphuret  of  tin. 

Mosaic  gold  when  pure  is  in  the  form  of  light  scales  wU 
readily  adhere  to  other  bodies,  and  which  have  the  colour  of 
gold.  When  heated  it  gives  out  a  portion  of  sulphur,  aodii 
converted  into  common  sulphuret  of  tin.  It  is  insoluble  ii 
water  and  alcohol,  and  is  not  acted  upon  either  by  muriadeff 
nitric  acids.  But  when  nitromuriatic  acid  is  boiled  on  it  we 
gradually  decompose  and  dissolve  it.  Potash  ley  dissolves  it 
when  assisted  by  heat  The  solution  has  a  g^een  ooloBr* 
When  an  acid  is  poured  into  the  solution  a  yellow  powder  is  pe- 
cipitated,  which,  according  to  Proiist,  is  a  hydrosulphuretofta. 

There  can  be  no  doubt,  from  the  analysis  of  Dr.  Dxvj,  iti 
this  sulphuret  is  a  compound  of 

1  atom  tin  •         .  .  7*23 

2  atoms  sulphur  .  .  4 
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For  this  is  equivalent  to 

Tin  .         .  100 

Sulphur        .         .  55-03 

Now  Dr.  Davy  obtained,  by  analysis. 

Tin  .         .  100 

Sulphur        .         .  56-25 

seieniec.  XI.  Selenium  and  tin   unite  with   the   disengagement^ 

heat.     The  tin  swells,  but  does  not  become  liquid.    Thei*^ 

is  gray,  and  has  a  very  strong  metallic  lustre  when  polbk*^ 

When  heated  it  lets  go  the  selenium  much  more  easily  d* 

any  other  seleniet.     The  compound  does  not  melt:  buic* 

tin  remains  in  the  state  of  an  oxide.§ 

Anenict.        *  XII.  Tin  and  arsenic  may  be  alloyed  by  fusion.    The  at- 

is  white,  harder,  and  more  sonorous  than  tin,  and  brittle,  uri^ 

the  proportion  of  arsenic  be  very  small.      An  alloy,  comfw^* 


•  Nicholson's  Journal,  xiv.  42.  -f-  Phil.  Trans,  1812,  p.  li*^ 

I  Nicholson's  Journal,  xxxv.  165. 

$  Benelius,  Ann-  de  Chini.  et  de  Phys.  x.  844. 
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of  1 5  parts  of  tin  and  one  of  arsenic,  crystallizes  in  large  plates 
like  bismuth ;  it  Is  more  brittle  than  zinc,  and  more  infusible 
tlian  tin.  The  arsenic  may  be  separated  by  long  exposure  of 
the  alloy  to  heat  in  the  open  air.* 

XI 1 1.  Tin  and  antimony  may  be  united  together  in  various 
proportions.  An  alloy  of  1  atom  tin  and  1  atom  antimony  is 
very  brittle  and  easily  pulverized.  It?»  specific  gravity  h  6»803.t 

I  part  of  antimony  with  1}  of  tin  (nearly  1  atom  antimony 
atom  tin)  is  brittle  and  less  foliated  in  it^  texture  than 
antimony.f  I  part  antimony  and  S  parts  tin  form  an  alloy  less 
ductile  than  tin,  and  having  a  specific  gravity  of  7'0<>9.§  One 
part  of  antimony  and  ten  parts  of  tin  form  a  very  ductile  alloy. 
The  addition  of  a  little  lead  renders  these  ductile  alloys  brittle. 
Boiling  muriatic  acid  dissolves  out  all  the  tin,  even  from  the 
aUoy  containing  nine-tenths  of  that  metal,  and  the  antimony  in 
left  lu'hind  as  a  black  powder, 

Xl\'.  Etjual  parts  of  tin  and  molyMenum  melted  into  a 
blackish-^^ray,  gnmnlar,  brittle,  soft  mrtss.  When  •i  parts  of 
tin  and  I  of  m<vlyl>denum  were  melted  together^  the  alloy  ihtis 
harder  than  the  preceding,  but  in  other  respects  agreed  wnth 
it.  Four  parts  of  tin  and  one  of  molybdenum  formed  a  still 
harder  alloy,  which  admitted  of  being  hammered  a  little,  did 
not  crackle  like  tin  when  bent,  and  in  its  fracture  exhibited  a 
grayish  colour  and  granuhir  texture.  When  strongly  heated, 
the  tin  did  not  eliquate  till  the  alloy  was  pressed  with  the 
forceps,  II 

XV.  When  100  parts  of  tin  and  50  parts  of  tiingstic  acid, 
with  some  charcoal^  are  heated  together,  a  brown  coloured 
button  is  obtained,  very  spongy,  somewhat  ductile,  and  weigh- 
ing l:)8  gniins.lf 

XVL  Tin  and  potassium  are  easily  alloyed  by  heating  them 
together.  A  weak  light  is  emitted  at  the  instant  of  combina- 
tion. The  alloy  is  brittle,  not  so  white  as  tin,  and  pretty  fusi-p 
ble.  It  is  speedily  destroyed  either  in  the  air  or  under  water 
by  the  conversion  of  the  potassium  into  potash.*  * 

During  the  combination  of  sodium  and  tin  no  light  is  disen- 
gaged«  This  alloy  possesses  similar  properties  as  the  alloy  of 
tin  and  potassium,  but  it  is  less  fusible  than  tin.tf   Serullas  has 


Sect.  IV. 


AntlniontM. 


PoUMltim. 


Sodium. 


*  Bayen,  |  C'haudet.  #  Gehlen. 

$  Chaiuiet,  Ann.  de  Chim.  et  de  Phya,  iii.  370. 
n  Crtfll*ij  Annals,  iii.  p,  37a  f  Elhuyorts. 

Gay-Lussac  and  Thcnard,  Recherchei  Physico-cbimi<|ues,  u  2^0. 
tt  l*>id.  p.  ?+0. 
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Chap.  III.  shown  that  the  first  df  these  alloys  nay  be  formed  by  heating 
a  mixture  of  100  parts  of  oxide  of  tin,  60  of  calcdnedcreunof 
tartar,  and  8  of  lamp  black.* 

iroDL  XVII.  Tin  does  not  combine  readily  with  iron.     Analloff 

however,  may  be  formed,  by  fiising  them  in  a  close  erueiUe^ 
completely  covered  from  the  external  air.  We  are  indebtal 
to  Bergman  for  the  most  precise  experiments  on  this  albjv 
When  the  two  metals  were  fused  together,  he  always  obHiDed 
two  distinct  alloys:  the  first,  composed  of  21  parts  of  tin  ai' 
1  part  of  iron ;  tlie  second,  of  2  parts  of  iron  and  1  part  of  & 
The  first  was  very  malleable,  harder  than  tin,  and  not  so  M- 
liant;  tlie  second  but  moderately  malleable,  and  too  bird  * 
yield  to  the  knife.f 

Tinpiate.  The  formation  of  tin  pkOe  is  a  sufficient  proof  of  the  aflbiij 

between  these  two  metals.  This  very  useful  alloy,  known  ii 
Scotland  by  the  name  of  white  iron,  is  formed  by  dipping  into 
melted  tin  thin  plates  of  iron,  thoroughly  cleaned  by  nibbf 
them  witli  sand,  and  then  steeping  them  24  hours  in  witff 
acidulated  by  bran  or  sulphuric  add.  The  tin  not  only  corns 
the  surface  of  the  iron,  but  penetrates  it  crompletely,  andgirv! 
the  whole  a  white  colour.:^ 

XVIII.  The  alloy  of  tin  and  cobalt  is  of  a  light  violet  color, 
and  formed  of  small  grains. 

XIX.  Tin  and  zinc  may  be  easily  combined  by  fusion.  IV 
alloy  is  much  harder  than  zinc,  much  stronger  than  tin,  fll 
still  ductile.  This  alloy,  it  is  said,  is  often  the  principal  ingw* 
dient  in  the  compound  called  pewter. 

XX.  Bismuth  and  tin  unite  readily.  A  small  portioB  rt 
bismuth  increases  the  brightness,  hardness,  and  soiiorou^in^ 
of  tin  :  it  often  enters  into  the  composition  of  pefvter^  tlH»u(P 
never  in  Britain.  Equal  parts  of  tin  and  bismuth  form  an  all:^; 
that  melts  at  280^ :  eight  parts  of  tin  and  one  of  bismuth  jop 
at  390° :  two  parts  of  thi  and  one  of  bismuth  at  SSO°.§ 

XXI.  When  eight  parts  of  bismuth,  five  of  lead,  and  tim 
of  tin,  are  molted  together,  a  white  coloured  allov  is  ohfaii*- 
which  melts  at  the  temperature  of  212^,  and  therefore  renui; 
melted  under  boiling  water. 

Lead.  XXII.  Lead  and  tin  may  be  combined  in  any  proportion i^ 

*  Ann.  (Ic  Mines,  viii.  151.  f  Bergman,  Hi.  471. 

\  See  Watson's  Chein.  Essays,  iv.  191.  For  an  interesting  account  of '^ 
manufactory,  by  Mr.  Parkes,  the  reader  is  referred  to  the  Manches^ 
Memoirs,  vol.  iii.  p.  347,  second  series. 

§  Dr.  Lewis,  Newman^s  Chcm.  p.  111. 
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fuHion.      TJiis  alloy  i^  harder,  and  possesses  much  more  tena-   ^iis^  nr. 
city  tlum  tin.      Miischeiibroeck  iiifomis  us  that  these  qualilies  . 
QEre  a  maximujn  when  the  alloy  is  composod  of  three  parts  of 
tin  and  one  of  lead.     The  presence  of  the  tin  seems  to  prevent 
in  a  jfccreat  measure  the  noxifjiis  qualities  of  the  lead  from  becom- 
ing sensible  when  food  is  dressed  in  vessels  of  this  mixture* 

Tbb  mixture  is  often  employed  to  tin  copper  vessels,  and  the 
noxious  nature  of  lead  having  raised  a  sy^spieiun,  that  sueh  ves- 
sels when  employed  to  dress  acid  food,  miglit  prove  injurious 
to  the  health,  Mr*  Proust  was  employed  by  the  Spanish  govern- 
ment to  examine  tlie  subject  The  result  of  his  experiments 
wa%  that  vinegar  and  lemon  juice,  when  boiled  long  in  such 
vessels,  dissolve  a  small  portion  of  tin,  but  no  lead,  the  presence 
of  the  former  metid  uniformly  preventing  Hie  latter  from  being 
acteti  on.  The  vessels  of  course  are  iJinoeent.*  The  speeifio 
gravity  of  this  alloy  increases  with  the  lead,  as  might  be 
expected*  Hence  tlie  proportion  of  the  two  metals  in  such 
alloys  may  be  estimated  nearly  from  the  specific  gravity,  as 
will  appear  from  the  following  table,  drawn  up  by  Dr.  Watson 
from  his  awn  cxperiments^f 


n. 

LMd. 

*n«». 

0    . 

100 

11  •270 

100  . 

0 

7170 

32  . 

7-321 

16  . 

7-438 

8  . 

7-360 

6  . 

7-645 

3  . 

7-940 

2  . 

8-160 

1  . 

8-817 

What  is  called  in  this  country  fey  peti^ter  is  often  scarcely  any  Pewter. 
tiling  else  than  this  alloy.t  Tinfoil^  too,  almost  always  is  a 
eompound  of  tin  and  lead.  This  alloy,  in  the  proportion  of 
two  parts  «f  lead  and  one  of  tin,  is  more  soluble  than  either  of 
the  metals  separately.  It  is  accordingly  used  by  plumbers  as 
a  solder. 

•  Ann.  de  Chioi.  IviL  7i  f  Chemical  Esiays,  iv.  165. 

f  Tbere  we  three  kinds  of  fiewUr  in  common  use ;  namely,  jtiiUe^  ir%fi^% 
tod  %.  The  plnte  pewter  is  tise*l  for  ptatea  and  diRhes ;  ibc  trifle  chiefly 
fiw  pints  and  quarts ;  and  the  ley  metal  for  wine  measures,  &c  Their  rela- 
tive specific  gmvides  are  as  follows :  Plate,  7243 ;  trifle,  7*369;  ley  7-l>63. 
The  beat  pewter  is  said  to  conaist  of  100  tin  and  17  antimony.  See  Watson's 
Chemical  Essays,  tv.  167. 
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Cb«^  in.  SECTION  V,-— OF  COPPER. 

If  we  except  gold  and  silver,  copper  seems  to  baye  been 
more  early  known  than  any  other  metal.  In  the  first  ages  «f 
the  world,  before  the  method  of  working  iron  was  discovered, 
copper  was  the  principal  ingredient  in  all  domestic  utensikiiil 
instruments  of  war.  Even  during  the  Trojan  war,  as  we  km 
from  Homer,  the  combatants  had  no  other  armour  but  wiat 
was  made  of  bronze,  which  is  a  mixture  of  copper  andtSL 
The  word  copper  is  derived  from  the  island  of  Cyprus,  wli«t 
it  was  first  discovered,  or  at  least  wrought  to  any  extent,  bf 
the  Greeks.  It  is  obvious,  from  a  passage  in  the  book  of  M 
which  is  certainly  the  oldest  of  the  writings  in  the  Old  Teste- 
ment,  since  there  are  strong  reasons  for  believing  that  existed 
before  Moses,  and  that  it  is  referred  to  in  more  than  one  ptf- 
sage  contained  in  the  five  books  usually  ascribed  to  that  ancient 
lawgiver,  that  the  method  of  smelting  copper  was  known  aol 
practised  at  that  early  age.* 
oniw  Copper  exists  rather  abundantly  in  different  parts  of  tk 

earth,  and  it  is  found  in  a  great  variety  of  states ;  the  species  of 
copper  ores  that  have  been  described  by  mineralc^ists  amount- 
ing to  29.  But  by  far  the  most  abundant  ores  of  copper,  an' 
those  from  which  almost  all  the  copper  of  commerce  is  extracted, 
are  copper  pyrites  and  gray  copper  ore.  Both  of  these  are  sal- 
phur  salts,  the  former  being  a  compound  of 

r  1  atom  sulphide  of  copper, 
\  1  atom  sulphuret  of  iron, 
the  latter  of 

{ 1  atom  sulphide  of  antimony,  or  arsenic, 
12  atoms  sulphuret  of  copper,  or  silver. 

The  richest  copper  mines  are  situated  in  Com\i-all,  whert 
they  occur  in  veins  traversing  primary  rocks,  and  con^tii«[ 
chiefly  of  copper  pyrites  and  gray  copper  ore.  These  orei 
after  being  dug  out  and  cleaned,  as  much  as  possible,  are  stili 
mixed  with  a  great  quantity  of  quartzy  matter,  w^iich  accoffl- 
panied  them  in  the  vein,  and  from  which  it  is  impossible,  ncf 
would  it  be  desirable,  to  free  them. 

The  coi)per  ores  of  Cornwall  are  mostly  transported  to  Swa»- 
sea  to  be  smelted,  on  account  of  the  abundance  of  coalintfat 
neighbourhood.     The  processes  are  numerous ;  but  the  theory 

*  "  Iron  is  taken  out  of  the  earth,  and  brass  (copper)  is  rndteD  oot  d 
the  stone,"  Job  xxviii.  2. 


Proceuof 
smelting. 


COPPER.  Mfc 

of  the  whole  may  be  reduced  ro  the  driving  off  the  sulphur,    *^*mrtr^^' 

oxidi/Jng  the  iron»  and  converting  it  into  silicate,  which  sepa-  , —^ 

rates  ill  the  state  of  scoria?,  while  the  oxide  of  copper  is  reduced 
to  the  metaHic  state.     The  first  process  is  to  roast  the  ore  in 
a  reverberatory  furnace,  for  about  1'2  hours,  occasionally  stir* 
ring  it  to  expose  new  surfaces  to  the  air,  and  taking  care  not 
to  rawe  the  heat  hi^h  enough  to  prwhice  fusion*     By  this  pro- 
cess a  great  deal  of  sulphur  is  driven  off,  the  iron  is  partly 
oxidized,  and  t}»is  gives  the  whole  of  tlie  ore  a  black  colour. 
The  ore  thus  roasted  is,  in  (he  next  place,  fused  in  a  melting 
furnace-     When  in  a  state  of  conn»lete  fusion  it  is  well  stirred, 
in  order  to  induce  as  complete  a  separation  us  possible  of  the 
metal  from  the  slag.     By  this  fusion  the  silica  is  made  to  unite 
with  the  protoxitle  of  iron  and  fonus  liisilirate  of  iron,  which 
constitutes  the  slag.     This  slug  is  skimmed  off,  and  then  a  new 
charge  is  poured  in  and  fused  as  before.     And  this  process  is 
continued  tilt  the  metidlic  portion  collected  in  tlie  furnace  Is  as 
high  as  the  furnace  will  admit  of  without  running  out  by  the 
door.     A  hole  is  then  opened,  through  which  the  metal  runs 
out  into  ail  adjoining  pit  filled  with  water.     It  thus  becomes 
granulated,  ajid  collects  in  a  pan,  at  tlie  bottom  of  the  cistern, 
which  is  raised  by  means  of  a  crane. 

The  ore,  as  origirudly  brought  to  the  sm  el  ting-house,  con- 
tains only,  at  an  average,  about  8^  ])er  cent,  of  copper;  but, 
by  the  roasting  and  smelting,  so  much  of  the  foreign  matter  is 
removed  that  the  matter  run  into  the  water  now  contains  about 
one-third  of  its  weight  of  copper-  The  success  of  the  process 
depends  upon  the  proportion  existing  in  the  ore  between  the 
iron  and  the  quartz.  It  is  often  necessary  to  add  either  the 
one  or  the  otlier  of  these  substances  according  to  the  state  of 
the  ore.  The  j»roduce  of  tins  first  fusion  is  culled,  in  Uie  smelt- 
ing-houses,  ntarsr  metal. 

The  coarse  metal  is  subjected  to  another  roasting  process  in 
a  reverberatory  furnace,  which  is  continued  for  '24  hours,  and 
tlie  chief  object  of  which  is  to  oxidize  the  iron  and  *lissipate 
tlie  sulphur  which  may  still  exist  in  it  The  heat  during  the 
first  six  hours  is  moderate,  and  it  is  gradually  increased  after* 
wards  to  tlie  end  of  the  operation, 

Tlie  ctiarse  metal  thus  roasted  is  fused  a  second  time,  being 
mixed  partly  with  slag  (bisilicate  of  iron)  partly  with  furnace 
bottoms,  &c. ;  sometimes  also  it  is  found  requisite  to  throw  in  a 
portion  of  uncalcined  or  raw  ore*     It  is  supposed  that  tliesul- 
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atap.111.  pkur  extricated  during  this  process  reduces  the  copper  to  tbe 
"~  metallic  state,  but  how  far  this  is  the  case  is  rather  doubtfiL 
The  slag  obtained  consists  of  silicate  of  iron.  It  is  chiefly  ti 
supply  the  requisite  quantity  of  silica  that  the  additions  made 
during  the  smelting  are  usefuL  The  copper  oi^,  by  this  seeoid 
smelting,  is  reduced  to  a  matter  containing'  60  per  cent  d 
copper.  It  is  either  run  into  water  or  into  sand  moulds  aeori- 
ing  to  the  mode  of  treatment  it  is  to  be  subjected  to.  Whenns 
into  water  it  is  in  grains,  and  called  ^iie  metal ;  when  oftk 
sand  it  is  called  blue  metaly  from  the  colour  of  its  suifaice. 

The  calcination,  or  roasting,  is  again  repeated,  and  tk 
roasted  fine  metal  is  smelted  anew.  The  matter  obtained  hr 
this  third  smelting  contains  about  90  per  cent,  of  pure  ooppei 
It  is  called  coarse  copper. 

Tlie  coarse  copper  masses  from  the  last  process  are  filled  irt» 
•  the  furnace,  and  exposed  to  the  action  of  the'  air  which  pswf 
through  the  furnace,  at  a  high  temperature.  The  heat  is  gn- 
dually  raised  to  the  melting  poin^  and  the  expulsion  of  tk 
volatile  matter  that  remained  is  thus  completed,  while  the  ini^ 
&c.  is  oxidized.  The  process  lasts  from  12  to  24  hours,  secorf* 
ing  to  circumstances.  Ihe  pigs  are  covered  with  blistef8,«i 
the  copper  in  this  state  is  known  by  the  name  of  Vkk/d 
copper. 

The  last  process  is  called  the  refining  or  toughemimg  proeoi 
The  metal  is  put  into  a  furnace  and  exposed  at  first  to  a  med^ 
rate  heat,  in  order  to  complete  the  roasting*  and  oxidJia^* 
should  that  be  necessary.  The  whole  is  then  melted;  its 80- 
&ce  is  covered  with  charcoal,  and  a  birch  pole  is  plmiged  ibii 
the  melted  mass.  Gas  is  evolved  from  this  pole,  which  oca* 
sions  a  kind  of  boiling.  This  is  repeated  till  the  metal  beooatf 
ductile,  and  acquires  the  requisite  toughness  and  closeness  i 
grain.  It  is  conceived  that  the  eflfect  jproduced  by  this  pro«« 
is  the  reduction  of  all  the  oxide  of  copper  to  tlie  metallic  i^^* 
If  tlie  process  of  poling  be  continued  too  long,  the  copper  ^ 
acquires  a  yellowish  red  colour  and  a  fibrous  texture,  and  ii  be- 
comes more  brittle  than  it  was  at  first.  It  is  supposed  that  tte 
change  is  owing  to  a  combination  of  carbon  witli  the  coppff- 
but  I  think  that  the  evidence  adduced  in  favour  of  this  opioid 
is  defective.  It  appears  from  the  observ^ations  of  Stromeycr 
and  Hausmaiin,  that  a  peculiar  kind  of  scales  make  their  app«^ 
ance  in  some  cases  in  copper.  These  scales,  from  the  analj^ 
of  Stromeyer,  were  composed  of 


COPPER. 


Suboxide  of  copper 

Protoxide  of  antimony 

Protoxide  of  leati 

Oxide  of  silver 

Oxide  of  iron 

Sulphur 

Silica  and  aliimiiia 


60-50 
0705 
4.05 
OvlO 
0*07 
0-80 
P5d 


II  94-21  • 

The  copper  containing  these  scales  is  brittle,  and  pos^sesses  all 
the  bad  qualities  of  ovt*r-poled  copper.  It  i»  obvioiLs  that  if  the 
procemt  of  poling^  were  continued  long  enough  in  such  copper, 
the  oxides  of  which  these  scales  are  composed  would  be  re- 
duced, hot  they  woidd  render  the  copper  brittle,  and  bring  it 
exactly  into  the  state  of  over-poled  copper.  How  far  the  over- 
poled  copper  from  the  Cornish  ores  owes  its  l>ad  qualities  to  the 
presence  of  forei^i  nietals  remains  to  be  determined.  But  as 
P^y  ^^Pp<*r  o^<?  a"d  tennantite  occurs  in  Cornwall,  it  is  obvious 
that  both  antimony  and  arsenic  must  exist  in  these  ores. 

There  is  re>a9on  to  believe  that  the  copper  smelted  by  the 
process  just  deoeribed,  is  seldom  or  never  free  from  oxide  of 
oopper.  To  this  cause  I  ascribe  the  short  time  that  it  generally 
I  lasts  when  used  for  sheadiing  ships.  It  accounts  also  for  its  low 
'  specific  gravity  when  compared  to  that  of  pure  copper.  The 
I  late  Mr,  Mushet  of  the  Mint  took  out  a  patent  for  a  method  of 
rendering  copper  much  fitter  for  sheathing  ships  than  it  usually 
18.  This  method  was  to  fuse  the  copper,  and  then  add  to  it 
about  ji7j-,th  part  of  its  weight  of  zinc.  The  copper  thus 
treated  was  then  rolled  out  into  sheets.  Its  specific  gnn^ity  and 
tenacity  were  very  materially  increased  by  tliis  process.  Upon 
analys^ing  it  no  trace  of  zinc  could  be  discovered.  But  it  was 
evident  from  tlic  result  of  the  analysis  tliat  the  \rhole  copper 
was  in  the  metallic  state.  I  conclude  from  this  that  when  the 
zinc  wus  thrown  into  tlie  melted  copper,  it  had  instantly  ab- 
sorbed die  oxygen  from  a  portion  of  oxide  of  copper  contained 
in  tlie  liquid  mass.  By  this  absorption  the  zinc  would  be  oxi- 
dized and  thrown  off,  so  diat  not  a  particle  of  it  would  remain 
united  to  the  copper,  except  when  it  was  added  in  greater 
quantity  than  was  necessary  to  reduce  the  oxide  of  copper. 
Mr.  Mushet's  process  then,  I  conceive,  improved  the  copper 
merely  by  reducing  the  whole  copper  to  the  metallic  state, 
though  a  pordon  of  it  existed  before  in  tfae^tftte  of  oxide* 
*  Aon.  de  Chim,  ct  de  Pbys,  xuni.  3t8. 
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Chap,  in.        I.  Copper  has  a  fine  red  colour,  and  a  ^eat  deal  of  briUiancy. 

"~~~~  Its  taste  is  styptic  and  nauseous ;  and  the  hands,  when  rubbed 
for  some  time  on  it,  acquire  a  peculiar  and  disagreeable  odour. 
It  is  harder  than  silver.     Its  specific  gravity  varies  according 
to  its  state.    Lewis  found  the  specific  gravity  of  the  finest  cop- 
per he  could  procure  8*830.*     Mr.  Hatcfaett  found  the  finot 
granulated  Swedish  copper  8*895.f     It  is  probable  that  die 
specimens  which  have  been  found  of  inferior  gravity  were  not 
quite  pure.j:     Cronstedt  states  the  specific  gravity  of  J^m 
copper  at  9*000.§    Mr.  Harepath  states  the  specific  gravi^  d 
copper  at  8*900. ||     I  found  the  specific    gravity  of  MnshcC'f 
patent  rolled  copper  8*953  at  60°,  and  this  is  what  I  am  db- 
posed  to  consider  as  the  true  specific  gravity  of  pure  copper. 
Its  malleability  is  great :  it  may  be  hammered  out  into  leaves 
so  thin  as  to  be  blown  about  by  the  slightest  breeze.  Its  ducdbr 
is  also  considerable.     Its  tenacity  is  such,  according  to  CooDt 
Sickengen,  that  a  copper  wire  0*078  inch  in  diameter  is  capi- 
ble  of  supporting  302*26  lbs.  avoirdupois  without  breaking.! 
Mr.  Rennie  found  that  a  bar  of  cast  copper  ^  inch  in  diameter 
was  broken  by  a  weight  of  1 192  lbs. ;  while  a  bar  of  wrougb 
copper  reduced  by  the  hammer  required  2112  lbs.  to  break  it** 
According  to  these  experiments,  a  wire  of  cast  copper  of -j'ffA 
inch  in  diameter  is  broken  by  a  weight  of  190*7  lbs.  while  a 
wire  of  wrought  copper  of  the  same  diameter  requires  to  break 
it  a  weight  of  337*9  lbs.  avoirdupois. 

When  heated  to  the  temperature  of  27®  Wedgewood,  or, 
according  to  Daniel,  2548®  Fahrenheit,  it  melts  ;  and  if  the  heA 
be  increased,  it  evaporates  in  visible  fumes.  W^hile  in  fu>i(e 
it  appears  on  the  surface  of  a  bluish  green,  nearly  like  that  d 

*  Neuman's  Chemistry,  p.  61.  Fahrenheit  had  found  it  8-834v  Pbl 
Trans.  17 14-,  vol.  xxxiii.  p.  124- 

t  On  the  Alloys  of  Ciold,  p.  50.  It  would  have  been  heavier  had  it  bed 
hammered  or  rolled.  Bergman  states  the  specific  gravity  of  Swedish  coppff 
at  9-3243.     Opiisc.  ii.  203- 

f  The  following  are  the  results  of  Mr.  Hatchett*s  trials : 

Finest  granulated  Swedish  copper  .  .  8'895 

Do.  Swedish  dollar  .  .  S'799 

Do.  sheet  British  do.  .  .  6-785 

Fine  granulated  British  do.  •  ,  6"607 

§  I  have  had  an  opportunity  of  taking  the  specific  gravity  of  Chinese  co|v 
per,  and  found  it  the  same  as  European.  Hence  I  am  inclined  to  sosfe<^- 
that  Cronstedt's  number  is  inaccurate.  Indeed  1  have  lately  taken  the  ^ 
cific  gravity  of  Japan  copper,  and  found  it  only  8*434. 

II  Phil.  Mag.  Ixiv.  322.  1  Sickengen,  Ann.  dc  Chim.  xit.  9, 

♦♦  Phil.  Trans.  1818,  p.  126. 


COPPER, 


589 


melted  gold.'  When  alEowcd  to  cool  slowly,  it  a^ames  a  crys- 
talline form*  The  Ahbe  Moiigez,  to  whom  we  owe  many  valu- 
able experiments  on  the  crystallization  of  metaW,  obtained  it  ia 
qiiadraiif^nlar  pyramidji,  often  inserted  into  one  another. 

II,  Cupper  is  not  altered  by  w^ter  :  it  is  inciipahle  of  decom- 
posing it  even  at  a  red  heat,  unless  iiir  have  free  access  to  it  at 
the  !«ime  time  ;  in  that  case  the  surface  of  the  metal  becomes 
Qxidi/ed.  Every  one  must  have  remarked^  that  when  water  is 
kept  in  a  copper  vessel,  a  green  cru§t  of  I'erdigrtSy  as  it  is  called, 
hi  formed  on  that  part  of  the  vessel  which  is  in  contactwkh  the 
surface  of  the  water. 

When  copper  is  exposed  to  the  air,  its  surface  is  gradually 
tarnished;  it  becomes  brown,  and  is  at  last  covered  with  a  diu*k 
green  cru^tn,  This  crust  consists  of  oxide  of  copper  combined 
with  carbonic  acid  gJLs,  At  the  common  temperature  of  the  air, 
this  oxidizement  of  copper  goes  on  but  slowly  ;  but  when  a  plate 
of  metal  is  heated  red  liot,  it  is  covered  in  a  few  miuutes  with 
a  crust  of  oxide,  which  sfparates  spontaneously  in  small  scales 
when  the  plate  is  allowed  fo  coot  The  copper  plate  contracts 
coaslderably  on  cooling,  but  the  crust  of  oxide  contracts  but 
very  little  ;  it  is  tlierefore  broken  to  pieces  and  thrown  off,  when 
the  plate  contracts  under  it.  Any  quantity  of  this  oxide  may 
be  obtained  by  heating  a  plate  of  copper  iuid  plunging  it  alter- 
nately in  cold  water.  The  scales  fall  dowii  to  the  bottom  of 
the  water.  When  copper  Is  kept  heated  below  redness,  its  sur- 
face gratlually  assiunes  beautifully  variegated  shades  of  orange, 
yellow,  and  blue.  Thin  plates  of  it  are  used  in  this  state  to 
ornament  children's  toys.  In  a  violent  heat,  or  when  cop|>er 
h  exposed  to  a  stream  of  oxygen  fuid  hydrogen  gas,  the  metal 
takes  fire  and  burns  with  some  brilliancy,  emitting  a  lively 
green  light*     The  product  is  an  oxide  of  copper. 

Three  combinations  of  copper  and  oxygen  have  been  described 
by  chemists.  There  is  one  which  exists  native,  having  a  dark 
red  colour  and  crystallized  in  oetaliedrons,  and  winch  contains 
tlie  smallest  quantity  of  copper.  It  may  be  adled  the  suboxide. 
There  is  another  which  may  be  formed  by  exposing  copper 
filings  for  a  long  time  to  a  red  heat,  which  has  a  black  colour, 
and  constitutes  the  basis  of  the  cupreous  salts.  It  may  be  called 
oxide  of  copper.  There  is  a  third  oxide  formed  by  Thenard  by 
means  of  deutoxide  of  hydrogen^  which  may  be  called  peroxide 
of  copper, 

I.  The  suboxide  of  copper  was  first  observed  by  Proust ;  but 


FMully  IV, 
Scsct  v. 
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•  Dr.  Lewis,  Neumanns  Chemistry,  p.  <SJ. 
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Q^'"^    we  are  indebted  to  Mr.  Chenevix,  who  found  it  natiFe  in  Con- 
wall,  for  the  investigation  of  its  properties.      It  may  be  prepmd 
hy  mixing  together  57*5  parts  of  black  oxide  of  copper,  and  50 
parts  of  copper  reduced  to  a  fine  powder  by  precipitating  it  bam 
muriatic  acid  by  an  iron  plate.     This  mixture  is  to  be  tiitunted 
in  a  mortar,  and  put  with  muriatic  acid  into  a  well-stopped 
phial.     Heat  is  disengaged,  and  almost  all  the  cappet  is  (b- 
solved.     When  potash  is  dropped  into  this  solution,  the  ozile 
of  copper  is  precipitated  orange.     But  the  easiest  process  if  H 
dissolve  any  quantity  of  copper  in  muriatic  acid  by  mean  sf 
heat     The  green  liquid  thus  obtained  is  to  be  put  into  apUd^ 
together  with  some  pieces  of  rolled  copper,  and  the  whole  is  to 
be  corked  up  closely.     The  gpreen  colour  gpradually  disaj^iesis; 
the  liquid  becomes  dark  brown  and  opaque ;  and  a  numiMr  tf 
dirty  white  crystab,  like  grains  of  sand,  are  gradually  deposilaL 
When  this  liquid,  or  the  crystals,  are  thrown  into  a  solution  of 
potash,  the  orange  coloured  oxide  precipitates  in  abundaneei 
The  specific  gravity  of  this  oxide,  as  determined  by  Pronsivi 
Dnmas,  is  5*749.*  But  Mr.  Harepalh  states  it  at  6*093  ;fwUcl 
must  be  very  near  the  truth,  as  the  native  crystallized  saboxidf 
has  been  found  as  high  as  5*992. 

The  oxide  of  copper  when  exposed  to  a  strong  heat  is  ot»- 
verted  into  suboxide.  I  have  a  specimen  of  metallic  coppff 
which  was  converted  into  suboxide  by  frequent  exposure  to  tk 
heat  at  which  gold  melts.  When  this  suboxide  is  digested  ■ 
dilute  acids  it  is  converted  into  oxide  which  dissolves,  and  metii- 
lic  copper  which  remains.  But  nitric  acid  converts  it  entiidy 
into  oxide,  and  muriatic  acid  dissolves  it  and  forms  with  it  i 
colourless  solution,  from  which  it  is  precipitated  by  an  alkali  ia 
tiie  state  of  a  yellow  hydrate.  It  dissolves  in  ammonia,  and  d» 
solution  is  colourless.  It  is  formed  when  caustic  ammonia  s 
digested  on  metallic  copper.  When  the  solution  is  exposed  to  the 
air  the  suboxide  is  converted  into  oxide,  and  the  liquid  assonei 
a  violet  blue  colour.  From  the  analysis  of  Chenevix  and  Bern-  |1 
lius,  there  can  be  no  doubt  that  this  suboxide  is  a  compound  ^ 

Copper  .         .  8 

Oxygen         .         .  1 


S.  Oxide: 


2.  The  oxide  of  copper  is  easily  procured  pure  from  tie 

♦  Annals  of  Philosophy  (2d  series)  iiL  392.       f  Phil.  Ma«y.  Ixiv.  32t 

I  Bcrzelius*s  experiments  make  it 

Copper  ...  8 

Oxygen  .  .  1-0108 
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I  Males  will  eh  are  formed  upon  the  surface  of  recl-Iiot  eoppcn 
r  11ie§e  scalei^  have  a  violet  red  colour,  owing  to  the  presence  of 
a  little  metallic  copper  upon  their  under  surface  ;  but  when  kept 
for  some  time  red-hot  in  an  open  vessel,  they  become  black, 
and  are  then  pure  oxide  of  copper,  The  same  oxide  may  be 
obtained  by  dissolving"  copper  in  sidphuric  orjiitric  acid,  pre- 
cipit;iting  by  means  of  pota^ih,  and  then  heating  the  precipitate 
sufficiently  to  drive  off  iuiy  water  which  it  may  retmn.  This 
oxitle  is  a  tasteless  black  powder,  witliout  any  litstre.  It  dissolves 
in  acids  without  effervescence,  and  forms  g-reen  or  blue  coloured 
golutioiis  according  to  the  acid-  It**  specliic  gravit)^,  as*  deter* 
mined  by  Mr.  llarepath*  is  G-40L* 

When  expojied  to  a  very  bigli  temperature,  it  melts  and 
awumeft  a  eryNt<illized  texture.  If  we  dmp  a  solution  of  this 
exide  into  a  mnstic  alkaiine  ley,  we  obtain  a  blue  coloured  bulky 
precipitate  which  is  a  hydrated  oxide,  oompottcd  when  dried  in  a 
very  low  heat  of 

I J  atom  water         ,         .  I'6875 

1    atom  oxide  ,         •         5* 


5»1 


fleet,  v. 


6-6875 

The  oxide  of  copper  i^  insoluble  in  tie  caustic  fixed  alkaline 
leys.  But  when  fused  with  the  fixed  alkalies  or  alkaline  earthy 
a  combination  takey  place  which  bas  either  a  green  or  a  blue 
colour,  {urcording  to  circumstances.  It  even  di<iplaceft  carbonic 
«M:id  at  a  red  heat*  When  these  compouncU  are  digested  in 
water,  decomposition  takes  pkoe,  the  alkaline  body  is  dissolved, 
and  the  oxide  of  copper  remains.  Caustie  ammonia  dis«»olvei 
ibis  oxide,  or  at  least  its  mlts^  and  tlie  solution  has  a  due  and 
deep  blue  colour.  If  ammonia  be  poured  upon  pure  oxide  of 
copper  in  a  well  stopped  vessel,  to  the  interior  of  which  air  lias 
no  acce^is,  hardly  any  of  the  oxide  of  copper  is  dissolved,  so 
that  the  ammonia  scarcely  liecomes  colourecL  But  if  a  single 
drop  of  carbonate  of  ammonia  be  added,  and  tlie  whole  shaken, 
the  liquid  immediately  acquires  a  blut'  colour.  Tliis  seems  to 
show  that  what  has  hitherto  been  considered  as  a  solution  of 
oxide  of  copper  in  ajamonia,  is  iJi  reality  a  solution  of  a  doulde 
cupreous  salt  in  that  alkali.  If  to  this  solution  we  add  a  suf- 
ficient quantity  of  caustic  potash,  the  copper  falls  in  the  state 
of  a  blue  hydrated  oxide,  and  the  liquid  becomes  colourless. 
The  reason  of  thi^i  probably  is  that  tiie  potai»ii  takes  | 

•  PhiL  Mag.  biv,  3^. 
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chjv.  "t  of  the  acid  formerly  united  to  the  oxide  of  copper.     TWs  onde 
dissolves  in  glass  and  gives  it  a  green  colour.     It  dissolves  m 
oils,  and  colours  them  green. 
Atomic  I  have  shown  elsewhere*  that  the  oxide  of  copper  is  a  coofc- 

weight  J     ^ 

pound  of 

Copper  .         .  4 

Oxygen         .         .  1 

5 

Now  as  this  oxide  constitutes  the  bases  of  all  the  salts  of  cop- 
per (for  the  existence  of  salts  containing^  the  suboxide  is  sdl 
far  from  being  proved  in  a  satisfactory  manner),  and  as  it  is 
evident  from  the  analysis  of  these  salts  that  the  atomic  weigk 
of  the  oxide  is  5,  unless  we  choose  to  consider  all  the  cupreooi 
salts  as  containing  two  atoms  of  acid  united  to  one  aton  d 
oxide,  which  is  not  the  case  with  any  other  genus  of  salts,  fe 
must  consider  this  oxide  as  a  compound  of 

1  atom  copper  .  .  4 

1  atom  oxygen         .  .  1 

5 

On  that  supposition  the  atomic  weight  of  copper  must  be 

M 

3.  Peroxides.  3.  When  the  hydrated  oxide  of  copper  is  mixed  with  a  dilate 
deutoxide  of  hydrogen  at  the  temperature  of  32^,  the  hydi^ 
assumes  first  a  greenish  colour,  and  becomes  at  last  yellovii 
brown,  which  is  the  colour  of  the  peroxide  of  copper.  As90« 
as  this  oxide  is  formed  it  be^ns  to  give  out  oxygen.  TTi 
evolution  is  diminished  by  pouring  water  on  it  to  dilute  the 
deutoxide  of  hydrogen  sufficiently.  It  must  be  separated  as 
quickly  as  possible  from  the  liquid,  pressed  between  folds  of 
paper,  and  then  dried  in  a  vacuum  over  sulphuric  acid.  \^Ti« 
raised  to  the  boiling  point  of  water  it  is  decomposed.  \^'bei 
thrown  on  a  red-hot  coal  it  detonates,  and  the  copper  is  reduced  I 
It  is  insoluble  in  water,  and  does  not  alter  the  colour  of  litne 
paper.  Acids  decompose  it  into  oxide  of  copper  and  deutoikfe 
of  hydrogen.    According  to  Thenard,  to  whom  we  are  indebiei 

♦  First  Principles,  i.  412. 

f  This  opinion  has  been  adopted  by  almost  all  chemists.  BcntfiA 
Wollaston,  Gay-Lussac,  P*roust,  Leopold  Gmelin,  &c.  Dr.  Turner,  I 
observe*  in  his  Elements  of  Chemistry  (p.  545),  has  adopted  a  coofl«7 
opinion.  But  I  have  little  doubt  that  when  he  fully  considers  the  ss^ 
he  will  see  reason  to  alter  it. 
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for  all  the  preceding  fiicts,  the  peroxide  contains  twice  as  much   ^^^^  ^^• 
oxygen  as  the  oxide.     Hence  it  consists  of 


b 


1  atom  copper 

2  atoms  oxygen 


4 
2 


It  is  obvious  that  the  suboxide  is  a  compound  of 


k 


2  atoms  copper 
1  atom  oxygen 


8 
1 


SubchUv 


IIL   WHien  copper  filings  are  introduced  into  chlorine  gas  Chjoridi' 
they  take  fire,  a  fixed  yellowish  substiince  is  formed,  whUe  a 
portion  sublimes  in  the  state  of  a  yellowisli  brown  powder.  The 
first  of  these  compountls  is  a  subchioride  of  copper ;  the  second 
a  cliioride, 

I.  The  subchioride  may  be  formed  by  heating  a  mixture  of  J 
two  parts  of  corrosive  sublimate  and  one  part  of  copper.  Boyle 
obtained  it  in  this  way,  and  published  an  account  of  it  in  1666 
in  his  treatise  on  the  origin  ofjhrnu  and  qualities^*  under  tlie 
name  of  rosin  (^'copper,  Proust  obtained  it  by  mLxing  proto- 
muriate  of  tin  with  a  solution  of  copper  in  muriatic  acid.  He 
procured  a  white  salt,  to  which  he  gave  the  name  of  m/iriafe  of 
copper,f  Clienevix  found  afterwards  that  tlm  salt  is  formed 
when  equal  weights  of  black  oxide  of  cojrper,  and  copper  in 
powder,  are  mixed  together  and  then  acted  upon  by  muriatic 
acid  in  a  close  vessel.J  Proust  obtained  it  likewise  by  distilling 
green  muriate  of  cupper*  A  grayish  mass  remained  in  the 
retort,  whicli  was  ittdK'kioride  <yf  copper.  It  is  obtained  also 
when  a  plate  of  copper  is  plunged  into  a  bottle  filled  with  green 
muriate  of  copper.  The  green  colour  gradually  disappears 
aod  small  white  crystals  are  deposited,  which  consist  of  sub* 
chloride  of  copper.§ 

Subchioride  qfcopf^er  when  pure  has  an  amber  colour  and  a 
n  degree  of  translucency.  It  melts  at  a  heat  just  below 
e»s.  In  close  vessels  it  is  not  decomposed  nor  sublimi'd 
by  a  strong  red  heat,  but  in  the  open  air  it  is  dissipated  in  white 
fumes.  It  is  insoluble  in  water;  but  dissolves  in  nitric  acid 
without  effervescence.     In  muriatic  acid  it  dissolves  without 


^|rtai 
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•  Shaw'B  Boyle,  L  252,  255. 
t  PhiL  Trans.  1801,  p.  237. 
f. 


2s 


f  Ann.  de  Chim.  xxviii.  2ia 
5  Jour,  dc  Phys.  li.  181, 


594  SIMPLE  ALKALIFIABLE  BASES. 

canp-in.  efferrescence,  and  is  precipitated  again  unaltered  by  water. 
Potash  throws  down  suboxide  of  copper.     According  to  the 
analysis  of  Dr.  John  Davy,*  it  is  composed  of 
2  atoms  copper  .        .         8 

1  atom  chlorine  .         .         4*5 

1  chioridiw  2.  The  chloride  of  copper  may  be  obtained  by  evaporating 
the  green  muriate  to  dryness  in  a  temperature  not  exceeding 
400**.  It  has  a  brownish  yellow  colour,  and  is  pulverulent 
When  exposed  to  the  air  it  absorbs  moisture,  and  becomes 
first  white  and  then  green.  Heat  decomposes  it,  driving  off 
a  portion  of  the  chlorine  and  converting  it  into  subchloride. 
According  to  the  analysis  of  Dr.  John  Davyf  it  is  composed  of 
1  atom  copper  •         •         4 

1  atom  chlorine        «         •         4*5 

IV.  The  combination  which  copper  forms  with  bromine  has 
not  been  examined. 

V.  Copper  may  be  combined  with  iodine  by  heating  the  two 
substances  together.  Analogy  would  lead  us  to  suppose  that 
two  iodides  of  this  metal  exist.  But  no  experiments  have 
hitherto  been  made  on  the  subject.  The  only  iodide  known  is 
of  a  dark  brown  colour.  It  may  be  obtained  by  dropping  a 
hydriodate  of  potash  into  a  solution  of  copper  in  an  acid.  This 
iodide  is  insoluble  in  water.     It  is  probably  a  compound  of 

1  atom  copper         •         •  4 

]  atom  iodine  .         •         15*75 


19*75 
We  do  not  know  the  action  offlvorine  on  copper.  Copper 
does  not  combine,  so  far  as  is  known,  with  hydrc^n,  azote, 
boron,  or  silicon. 
Phoipbureca.  VI.  Mr.  Pellctier  formed  phosphuret  of  copper  by  melting  to- 
gether 16  parts  of  copper,  16  parts  of  phosphoric  glass,  and  1 
part  of  charcoal.  J  Margraff  was  the  first  person  who  formed 
this  phosphuret  His  method  was  to  distil  phosphorus  and 
oxide  of  copper  together.  It  is  formed  most  easily  by  project- 
ing phosphorus  into  red  hot  copper.  It  is  of  a  white  colour; 
and,  according  to  Pelletier,  is  composed  of  20  parts  of  phos- 
phorus and  80  of  copper,§  or  1  atom  phosphorus,  2  atoms  cop- 
per. This  phosphuret  \&  harder  than  iron.  It  is  not  ductile, 
and  yet  cannot  easily  be  pulverized.     Its  specific  gravity  is 

♦  PhU.  Trans.  1812,  p.  170.  f  I1>1<*- 

t  Ann.  de  Ghim.  i.  74^  §  Und.  xiii.  S. 
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7'12C0,  It  crystallizes  in  four-sided  prisms.^  It  is  much  more 
fusible  than  copper.  When  exposed  to  the  air,  it  loses  it^ 
lustre,  becomes  bkck,  falls  to  pieces;  the  copper  is  oxidated, 
and  the  phosphorus  converted  into  phosphoric  acid.  When 
heated  sufficiently,  the  phosphorus  burns,  and  leaves  the  copper 
under  the  form  of  black  scoriie.f 

Sa^e  has  shown  thai  this  compound  does  not  easily  part  with 
the  whole  of  its  pliosphorus,  though  frequently  melted,  hut 
retains  about  a  twelfth.  In  this  state  it  may  be  considered  as 
a  sub-phosphuret.  It  is  more  fusible  than  copper,  and  has  the 
hardness,  the  grain,  and  the  colour  of  steel,  and  admits  of  an 
equally  fine  polish 4 

M.  H.  Rose  formed  two  other  pliosphurets  of  copper.    The 
first  by  passing  a  current  of  dry  phosphuretfced  gas  over  dry 
chloride  of  copper.     The  phosjihuret  was  a  compound  of 
1    atom  phosphorus        .         .         2 
1   atom  copper  .         .         t> 
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The  other  compound  was  a  trij§pho8phuret  formed  by  puijsing  a 
current  of  pliosphuretted  hydrogen  over  hot  subchloride  of 
copper*     It  wm  a  compound  of 

1  atom  phosphorus       •         ,  2 

3  atoms  copper  .         ,         12 


14§ 

VI L  Copper  and  sulphur  unite  at  leajst  in  three  proportions,  suiphurt-tv 
and  prtibubly  even  in  a  greater  number. 

I.  If  8  parts  by  weight  of  copper  filings,  mixed  with  -3  parts 
of  flowers  of  sulphur,  be  put  into  a  gliiss  receiver,  and  placed 
Upon  burning  coiils,  the  mixture  first  melts,  then  a  kind  of  ex- 
plosion tiikes  place;  it  becomes  red  hot:  and  when  taken  from 
the  fire,  continues  to  glow  for  some  time  like  a  live  coal.  If 
we  now  examine  it,  we  find  it  converted  into  sulphurei  €tf  copper. 
Thiai  curious  experiment  was  first  made  by  the  associated  Dutch 
chemists,  Dieroao,  Troostwyk,  Niewhmd,  Bondt,  and  l^iiiren- 
burg,  in  1793»||  They  found  that  the  combufition  succeeds 
b€9t  when  the  substances  are  mixed  in  the  proportions  men- 
CicHied  above ;  that  it  succeeds  equally,  however  pure  and  dry 


E*  Sage,  Jour,  de  Phys.  xxxvlii.  469.  t  Fourcroy,  vi.  252. 

t  Nicholson's  Jour.  ix.  268.     $  AxtiL  de  Chko.  et  de  Phys.  xxxiv.  I7t. 
I  Jour,  de  Min.  No.  il  85. 
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C3MF.  ni.    the  sulphur  and  copper  be,  and  whatever  air  be  present  in  the 
~  glass  vessel,  whether  common  air,  or  oxygen  gas,  or  hydrc^en, 

or  azotic  gas,  or  even  when  the  receiver  is  filled  with  water  or 

mercury. 
DiMiphaict.       It  has  been  ascertained  by  analysis  that  this  is  a  disulphuret 

composed  of 

1  atom  sulphur  .         .         2 

2  atoms  copper  .         .         8 

10 
This  sulphuret  occurs  native,  and  is  known  to  mineral(^pstB 
under  the  name  of  glance  copper.  It  has  a  blacldsh  lead  gny 
colour,  the  metallic  lustre,  is  very  soft  and  sectile,  and  its  spe- 
cific gravity  is  5*695.  Indeed  Mr.  Harepath  states  it  as  high 
as  5*792.  It  is  usually  crystallized  in  six-sided  prisms,  but  from 
the  observations  made  by  Mr.  Levy  on  the  cleavage,  it  is  not 
unlikely  that  its  primary  form  may  be  a  rhomboid  somewhat 
analogous  to  the  primary  form  of  quartz, 
suiphant.  2.  Sulphuret  of  copper  composed  of  an  atom  of  each  consti- 
tuent is  formed  when  a  current  of  sulphuretted  hydrogen  gas 
is  passed  through  a  solution  of  sulphate  of  copper.  The  pre- 
cipitate is  at  first  brown;  but  it  becomes  gradually  blade. 
When  dried  it  has  a  slight  shade  of  green,  and  it  slightly  red- 
dens moistened  litmus  paper.  When  heated  it  gives  out  a 
little  moisture,  then  sulphurous  acid  and  sulphur,  and  a  disul- 
phuret of  copper  remains  behind.  It  is  insoluble  in  caustic 
alkaline  leys,  and  likewise  in  hydrosulphuret  of  ammonia.  This 
sulphuret,  which  exists  as  a  constituent  of  copper  pyrites,  is  a 
compound  of 

1  atom  sulphur         .         .         2 
1  atom  copper  .         .         4 


phnret 
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itMuL  3.  Berzelius  informs  us  that  when  persulphuret  of  potassium 
{hepar  svlphuris)^  is  mixed  with  a  solution  of  sulphate  of  copper, 
a  liver  brown  precipitate  falls,  which  may  be  washed  without 
alteration  by  hot  water,  and  which,  when  dry,  assumes  a  black 
colour.  He  presumes  that  this  matter  is  a  compound  of 
5  atoms  sulphur  .  •  10 
1  atom  copper  .         .  4 

14 
There  can  be  little  doubt  that  other  analogous  sulphurets  of 
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copper  iniglit  be  formed  by  means  of  bisulphuret,  tersulphuret, 
and  quiUersulp buret  of  potasb, 

VIII.  When  a  current  of  seleii Jetted  hydrogen  gas  is  passed 
through  a  solution  of  sulphate  of  copper,  a  precipitate  falls  in 
bhick  flocks,  which  becomes  gray  when  dry,  and  tiSsumes  a 
polish  when  nibbed  with  a  hematite.  This  precipitate  is  pro- 
bably a  seleniet  of  copper.  When  heated  half  of  the  selenium 
is  dinengaged,  and  a  melted  mass  remainsj  wbicli  is  probably  a 
subselenict  of  eoppen  The  same  seleniet  is  obtained  when 
copper  and  selenium  are  lieated  together.  It  has  a  steel  gray 
colour,  and  melts  long  before  it  is  heated  to  redness.  When 
strongly  heated,  it  gives  out  a  portion  of  its  selenium  ;  but  not 
the  whole,* 

IX,  Copper  may  be  combined  with  arsenic  by  fusing  tliem 
together  in  a  close  crucible,  while  their  surftice  is  covered  with 
common  salt  to  prevent  the  action  of  the  air,  which  would  oxi- 
dize tlie  arsenic,  Tliis  alloy  is  white  and  brittle,  and  is  used 
for  a  \7iriety  of  purposes  ;  but  it  is  usual  to  add  to  it  a  little  tin 
or  bismuth.  It  is  known  by  the  names  of  white  ropjnfr  anil  white 
tmnhat\  When  the  quantity  of  arsenic  is  small,  the  alloy  is 
both  ductile  aiul  malleable.f 

Gehlen  found  that  when  100  parts  of  copper  filings  and  100 
parts  of  arsenic  were  melted  together,  a  grayish  white,  brittle, 
fine  granular  mass  was  obtained  weighing  158*5  parts*  This 
is  obviously  a  compound  of 


Family  IV. 
Sect  V. 

Sdenirt, 


ArMnj,ici, 


to 


2  atoms  copper, 
I  atom  arsenic. 


X,  Copper  combines  readily  w^ith  antimony  by  fusion.  The 
alloy  is  brittle  when  it  consists  of  equal  parts  of  the  two  met^ds, 
is  of  a  beautiful  violet  colour,  and  its  specific  gravity  is  greater 
than  intermediate. :f  This  alloy  was  called  regulus  of  Venus  by 
the  alchymists, 

XL  Davy  ascertained  the  fact  that  copper  may  be  alloyed 
with  potassium  and  sodium,  and  that  the  alloys  formed  decom- 
po«*e  water.  But  their  properties  have  not  been  particularly 
investigated. 

We  are  not  acquainted  with  the  alloys  which  copper  forms 
^itli  the  metallic  bases  of  the  alkaline  earths  iuid  earths  proper 

XI L  Equal  parts  of  molybdenum  and  copper  formed  an  alloy 


AntiUHMilet, 


AUoy*. 


Ber«elius,  Ahik  tie  Chim.  et  dc  Phys.  x.  244. 
t  Neuman's  them.  p.  IW,  \  Gdlcrt,  p.  136. 
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ciMp.  ni.  tirfaicb  yielded  to  the  hammer  a  little,  but  at  letigth  broke  in 
pieces,  exhibiting  a  granular  texture,  and  a  bluish  colour  mixed 
with  red.  It  admitted  of  being  filed ;  and  the  sur&ce  tlms 
exposed  was  paler  than  copper,  and  did  not  lose  its  lustre  hj 
exposure  to  the  air.  Four  parts  of  copper  and  1^  molybdenB 
formed  an  alloy  not  very  different  in  its  properties;  but  win 
the  metals  were  mixed  in  the  proportion  of  1  part  copper  and 
2  molybdenum,  the  alloy  was  brittle,  and  of  a  reddish-^ 
colour.  Nitric  acid  dissolved  the  copper,  and  left  the  wUie 
oxide  of  molybdenum.* 

XIII.  When  100  parts  of  copper  were  heated  with  oOprt 
of  tungstic  acid,  a  copper  red  button  was  obtained  approachinpti 
brown  in  colour,  spongy,  and  pretty  ductile,  and  weighing  IS 
parts.!     This  approaches 

9  atoms  copper  •         •  36 

1  atom  tungsten         •         .  12-5 

48-5 

XIV.  Iron  may  be  united  to  copper  by  fusion,  but  not  viA- 
out  considerable  difficulty.  The  alloy  has  been  applied  tvv 
use.  It  is  of  a  gray  colour,  has  but  little  ductility,  and  is  mei 
less  fusible  than  copper.  Thenard  has  ascertained,  that  k  if 
attracted  by  the  magnet,  even  when  the  iron  constitutes  oi^ 
yi^th  of  the  alloy4  Mr.  Levavasseur  has  publislied  some  ob^f- 
vations,  which  render  it  probable  that  the  variety  of  iron  call* 
hot  short  iron,  because  it  is  brittle  when  red-hot,  somediDft 
owes  its  peculiarities  to  the  presence  of  copper.  This  Tari«^ 
possesses  a  greater  degree  of  tenacity  than  common  iict 
and  therefore  answers  better  for  sotee  purposes.  It  may  k 
hammered  when  white  hot  As  soon  as  it  cools,  so  far  a?  ? 
assume  a  brown  colour,  the  forging  must  be  stopped  rifl  '' 
becomes  of  an  obscure  cherry-red,  and  then  it  may  be  contiDif* 
till  the  iron  is  quite  cold.§  U 

XV.  There  is  an  alloy  of  copper  and  nickel  manufectuwii^ 
Suhl  in  Thuringia  which  has  a  white  colour  like  silver.  »■ 
which  is  employed  for  a  variety  of  ornamental  purposes.  1^ 
would  appear  that  this  alloy  is  obtained  by  smelting  an  oreirBi 
is  found  in  the  neighbourhood,  and  which  from  Brande's  ani; 
sis  is  composed  of 

♦  Crell's  Annals,  iii.  p.  366.  ^  Elhujarts. 

t  Ann.  de  CJiim.  1.  131.  j  Ibid.  xlii.  183L 
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Copper        .         .         -         . 
Nickel  •  -  .  , 

Sulpliur  with  some  antimony 
SUica,  alumina,  and  iron 


88 
8-753 
0-750 
1-750 


TuaUj  IV. 
fleet  V. 


99-253» 

There  is  an  alloy  much  used  in  China  under  the  name  of 
Tutetiag  or  white  copper.  It  is  wliite  and  resembles  silver,  and 
tf  very  sonorous  when  struck.  It  admits  of  a  fine  polish  luxA 
IB  not  easily  tarnished.  Its  specific  gravity  was  found  by  Dr, 
Fyfe  to  be  8'432.  It  is  mallealde  at  the  ordinary  tempeniture 
of  tJie  air  and  at  a  red  heat ;  but  at  a  w4iite  heat  it  is  brittle. 
According  to  the  ajialysis  of  Dr.  Fyfe  it  is  an  idloy  of 

Copper 40-4 

Zinc  25'4 

Nickel 31-6 

Iron  *,,,..  2*6 
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XVI.  The  alloy  of  copper  and  cobalt  is  unknown, 

XVII.  Manganese  unite's  readily  with  copper.  The  com- 
pound, according  to  Bergman,  is  very  malleable,  its  colour  is 
red,  and  it  sometimes  becomes  green  by  age.  (imeliii  matle  a 
number  of  experimeuts  to  see  whether  this  alloy  could  l>e  formed 
by  fusing  the  black  oxide  of  manganese  along  with  copper.  He 
partly  sueeeederl,  and  proposed  to  substitute  this  alloy  instead 
of  tlie  alloy  of  copper  and  arsenic^  which  is  used  in  the  arts.J 

XV III.  The  alloys  of  copper  with  cerium  and  uranium  are 
unknown. 

XIX.  Zinc  combines  readily  with  copper,  and  forms  one  of  Brii«. 
the  most  useful  of  al!  the  metallic  alloys.  The  metals  arc  usually 
combined  together  by  mixing  granulated  copper,  a  native  oxide 

of  zinc  called  calamuie^  and  a  proper  proportion  of  charcoal  in 
powder.  The  heat  h  kept  up  for  five  or  six  hours j  and  then 
raised  sufficiently  high  to  melt  the  compound.  It  is  afterwards 
poured  into  a  mould  of  granite  edged  round  with  iron,  and  east 
into  plates.  This  compound  is  usually  known  in  this  country  by 
the  name  of  brass.  The  metcds  are  capable  of  uniting  in  various 
proportions*  anil  according  to  them,  the  colotir  and  other  quali- 
ties of  tlie  braj*8  vary  abo,   Accordbig  to  Dr,  Lewis,  who  made 


*  Schwcigger'a  Jahrbuch^  \x.  17.  f  EdJn.  Philos.  Jouraa!,  vii  69, 

I  Oottiogen  Cotnnient.  1787,  vol  ix.  p,  75, 


600  SIMPLE  ALKALIFIABUS  BASES. 

cb»^iii-   numerous  experiments  on  the  subject,  a  very  small  portion 
of  zinc  dilutes  the  colour  of  copper,  and  renders  it  pale ;  wiien 
the  copper  has  imbibed  one-twelfth  of  its  weight  the  cokwr 
inclines  to  yellow.     The  yellowness  increases  with  the  ziiicj 
till  the  weight  of  that  metal  in  the  alloy  equals  the  copper. 
Beyond  this  point,  if  the  zinc  be  increased,  the  alloy  becoDS 
paler  and  paler,  and  at  last  white.*     The  proportion  of  anc 
imbibed  by  the  copper  varies  in  different  manu&ctories  accord- 
ing to  the  process,  and  the  purposes  to  which  the  bran  is  tok 
applied.     In  some  of  the  British  manufactories  the  brass  nde 
contains  ^d  of  its  weight  of  zinc     In  Germany  and  Swedes, 
at  least  if  the  statements  of  Swedenbur^  be  accurate,  tlie  piv- 
portion  of  zinc  varies  from  ^th  to  ^th  of  the  copper.f 

The  most  intimate  and  complete  alloy  consists  of  two  zUms 
of  copper  and  one  atom  of  zinc.  '  This  is  British  brass.  BatA 
brass,  which  answers  so  much  better  for  the  purposes  of  wat(i- 
makers,  &c.  appears  to  be  a  compound  of  four  atoms  copper  anl 
one  atom  zinc.  |i 

Brass  is  much  more  fusible  than  copper ;  it  is  malleable  wiiik  |i 
cold,  unless  the  portion  of  zinc  be  excessive  ;  but  when  healed 
it  becomes  brittle.  It  is  ductile,  may  be  drawn  out  into  ioe 
wire,  and  is  much  tougher  than  copper,  according  to  the  eipe 
riments  of  Muschenbroeck-J  According  to  Gellert,  its  spedfe 
gravity  is  greater  than  the  mean.  It  varies  considerably  accord- 
ing to  the  proportion  of  zinc  Dr.  Watson  found  a  specbai 
of  plate  brass  from  Bristol  8'441  :§  while  Brisson  makes  cco- 
mon  cast  brass  only  7*824.  Brass  maybe  readily  turned  upontb 
lathe,  and  indeed  works  more  kindly  than  any  other  metal 
Pinchbeck.  When  zinc  in  the  metallic  state  is  melted  with  copper  of 
brass,  the  alloy  is  known  by  the  names  of  pinchbeck,  prim'^ 
metal.  Prince  Ruperfs  metal,  similar,  &c.  The  proportion  ^i 
zinc  is  equally  variable  in  this  alloy  as  in  brass ;  sometijBft 
amounting  nearly  to  one-half  of  the  whole,  and  at  other  tiise* 
much  less.  The  colour  of  pinchbeck  approaches  more  Dead; 
to  that  of  gold,  but  it  is  brittle,  or  at  least  much  less  malleal^ 
than  brass.  Brass  was  known,  and  very  much  A'alued,  by  i 
ancients.  They  used  an  ore  of  zinc  to  form  it,  which  they  c^- 

♦  Neuman's  Chem.  f  Wasserberg,  i.  267. 

\  But  Mr.  Rennie  found  that  a  bar  of  brass  \  inch  in  diameter  was  broia 
by  a  weight  of  1 123  lbs.  Hence  a  brass  wire  of  one-tenth  inch  in  dusx^ 
would  be  broken  by  a  weight  of  179*6  lbs.  Hence  it  is  weaker  than  d^ 
brass.     See  Phil.  Trans.  1818,  p.  126. 

§  Chem.  Essays,  iv.  68. 
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cadmia.     Dr.  Watson  lias  proved  tliat  it  was  to  brass  which  F«tniiy  iv, 
they  g?ive  the  name  &i  oncha/ctoth*     Their  rf^wa^  copper,  or  . 
rather  bronze, f 

XX.  Copper  and  cadmium  may  becomliined  together,  The 
alloy  is  white  w^th  a  sliade  of  yellow.  It  is  very  brittle,  even 
when  the  proportion  of  cadmium  ainoujiti*  only  to  two  or  three 
hundred  parts  of  that  of  the  copper.  When  this  alloy  is  exposed 
to  a  tempemture  sufficiently  liigli  to  fuse  copper,  it  is  decom- 
posed, and  die  whole  cadmium  is  volatilized*  Hence  it  18 
obvious,  that  bnis«  never  can  contain  any  cadmium  ;  while  tuft^y 
which  h  the  matter  sublimed  during  the  making  of  brass,  i;*  sure 
to  contiiin  cadmium^  if  there  was  any  of  that  metal  present  iu 
the  zinc  ore*  According  to  Stromeyer,  tlie  alloy  of  copper  aiid 
cadmium  is  a  compound  of 


Copper 

Cadmium 


100 
82 


8 
6-56$ 


It  is  probable  from  these  numbers  that  the  true  chemictil  com- 
pound of  copper  and  cadmium  is  composed  of  an  atom  of  cad- 
mium and  two  atoms  copper. 

XX  !•  Copper  forms  with  bismuth  a  brittle  alloy  of  a  pale 
red  colour,  and  a  specific  gravity  exactly  the  mean  of  that  of 
the  two  metals  alloy ed.§ 

XX I L  Copper  does  not  unite  with  melted  lead  till  the  fire 
is  raised  so  high  as  to  make  the  lead  boil  and  smoke,  and  of  a 
bright  red  heat-  \\' hen  pieces  of  copper  are  thrown  in  at  that 
temperature,  they  soon  disapper.  The  idloy  thus  foniied  is  of 
a  gray  colour,  brittle  when  cold,  and  of  a  granidar  texture,  [j 
According  to  Kraft,  it  is  rarer  than  the  mean.f  The  union 
between  the  two  metals  is  very  slight.  Wlien  the  alloy  is 
exposed  to  a  heat  sufficient  only  to  melt  the  lead,  almost  the 


•  Manchester  Transactions,  vol.  ii.  p.  47. 

f  The  ancicQts  do  not  seem  to  have  kno^Mrn  accurately  the  difference  be- 
tween copper,  bra&s,  and  bronze.  Hence  the  confiision  observable  in  iheir 
names.  They  consider  brass  as  only  a  more  valuable  kind  of  copper,  and 
therefore  often  used  the  word  arn  indifTcrcntly  tf>  denote  either.  It  wtis  not 
till  a  late  period  that  mineralogists  began  to  make  the  distinction.  They 
called  copper  *r#  c^priunt^  and  aRerwards  only  cypriuvi^  which  in  process  of 
time  was  converted  into  cuprum.  When  these  changes  took  place  is  not 
known  accurately.  Pliny  un^  eypfittm,  lib.  xxuvi.  cap*  26,  The  word 
cuprum  occurs  first  in  Spartian,  who  lived  about  the  year  290.  He  saya,  in 
his  life  of  €!aracalla,  cancelU  ex  eere  vei  cupro, 

t  Gilbert's  Annalen,  U.  208.  §  Gellert, 

Q  Lewis,  Neuman*«  Cbera.  p.  57.  f  Wasacrbcrg,  i.  263- 
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ui«  whole  of  the  lead  runs  off,  and  leaves  the  copper  nearly  pnre.^ 
The  little  lead  that  remains  may  be  scorified  by  exposing  the 
copper  to  a  red  heat  If  the  l^id  that  runs  off  carries  with  U 
any  copper,  on  melting  it  the  copper  swims  on  the  surface,  and 
may  be  easily  skimmed  off  f  This  alloy  is  said  to  be  employed 
sometimes  for  the  purpose  of  making  printers'  types  for  very 
large  characters.:}: 

XXIIL  Tin  unites  rery  readily  with  copper,  and  forms  an 
alloy  exceedingly  useful  for  a  great  variety  of  purposes.  Of 
this  alloy  cannons  are  made :  bell  metal,  bronze,  and  the  mir* 
rors  of  telescopes,  are  formed  of  different  proportions  of  the 
same  metals.  The  addition  of  tin  diminishes  the  ductility  of 
copper,  and  increases  its  hardness,  tenacity,  fusibility,  and  sono* 
rousness.  The  specific  gravity  of  the  alloy  is  greater  than 
the  mean  density  of  the  two  metals.  It  appears  from  the  expe- 
riments of  Mr.  Briche,  that  this  augmentation  of  density 
increases  with  the  tin ;  and  that  the  specific  gravity,  when  the 
alloy  contains  100  parts  of  co/pper  and  16  of  tin,  is  amaximum : 
it  is  8*87.  This  is  very  nearly  IS  atoms  copper  to  1  at<mi  (d 
tin.  The  specific  gravity  of  equal  parts  of  tin  and  cc^per  is 
6*79,  but  it  ought  only  to  be  8 ;  consequently  the  density  is 
increased  0*79.§  This  alloy  consists  nearly  of  2  atoms  copper 
and  1  atom  tin.  In  order  to  mix  the  two  metals  exactly,  they 
ought  to  be  kept  a  long  time  in  fusion,  and  constantly  stirred, 
otherwise  the  greater  part  of  the  copper  will  sink  to  the  bot- 
tom, and  the  greater  part  of  the  tin  rise  to  the  surface ;  and 
there  will  be  formed  two  different  alloys,  one  composed  of 
a  great  proportion  of  copper  combined  with  a  small  quantity  of 
tin,  the  other  of  a  great  proportion  of  tin  alloyed  with  a  small 
quantity  of  copper. 

Bronze  and  the  metal  of  cannons  are  composed  of  from  8  to 
12  parts  of  tin  combined  with  100  parts  of  copper.  This  alloy 
is  brittle,  yellow,  heavier  than  copper,  and  has  much  more 
tenacity ;  it  is  much  more  fusible,  and  less  liable  to  be  altered 
by  exposure  to  the  air.     It  was  this  alloy  which  the  ancients 

*  Lewis,  Neuman's  Chemistry,  p.  57.  This  curious  mode  of  separatioa 
is  called  in  Chemistry  eliguation* 

t  Ibid.  p.  57. 

\  Fourcroy,  vi.  266.  It  has  been  lately  ascertained  by  Mr.  Hatchett»that 
copper  cannot  be  used  to  alloy  gold  unless  it  be  free  from  lead.  The  smallest 
portion  of  this  metal,  though  too  minute  to  affect  the  copper  itself,  produces 
a  sensible  change  on  the  ductility  of  gold. 

§  Jour,  de  Min.  An.  v.  881. 
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used  for  sharp-edged  instmroeiit^  before  the  method  of  work- 
ing iron  was  broiij^ht  to  pt^rfi^ction.  The  ;^«Xxo;  of  the  Greeks, 
and  perhaps  the  tts  of  the  Romans,  was  nothine;^  else.  Even 
their  eopper  coins  eontain  a  mixture  of  tin.* 

The  term  brass  is  often  applieil  to  this  nUo\%  though,  in  a 
strict  sense,  it  means  a  compound  of  copper  and  zinc.  Brass 
guns  are  made  in  no  other  part  of  Britain  except  Woolwich. 
The  proportion  of  tin  varies  from  8  to  12  to  the  100  of  copper; 
tlie  purest  copper  requiring  the  most,  and  the  coarsest  the 
least.  This  alloy  is  more  sonorous  than  iron  ;  hence  brass  guns 
give  a  much  louder  report  than  those  made  of  cast  iron.t 

Bell  metal  is  iLsually  composed  of  3  parts  of  copper  and  1  ^^^ 
part  of  tin.  Its  colour  is  gniyLsh  white;  it  is  very  hard,  son- 
orouSf  and  elastic  The  greater  part  of  the  tin  may  be  sepa- 
rated  by  melting  the  alloy,  and  then  pouring  a  little  water  on 
it.  The  tin  decomposes  the  ijrater,  is  oxidized^  and  thro\^Ti 
upon  the  surhice.  According  to  Swedenburg*  the  English  bell 
metal  is  usually  made  from  the  scoriae  of  the  brass  gun  foun- 
dery,  melted  over  again4  The  proportion  of  tin  in  bell  metal 
varies.  Less  tin  is  "used  for  church  bells  than  clock  bells; 
and  in  small  bells,  as  those  of  watches,  a  little  zinc  is  added  to 
the  alloy. §  According  to  Gerbert,  the  conch  of  the  Eiist  Indians 
is  composed  of  tin  and  copper,  in  the  same  proportions  as  in 
bell  metal II 

The  alloy  used  for  the  mirrors  of  telescopes  was  employed  s«in^r 
by  tlie  aiicienti^  for  the  composition  of  tlieir  mirrors.  It  eon- 
eists  of  about  2  parts  of  copper,  united  to  I  part  of  tin.  Mr. 
Mudge  appertained,  that  the  best  proportions  were  32  copper 
to  14*5  of  tin;f  a  q^ccimen  of  an  ancient  mirror  analyzed  by 
Klaproth  was  cximposed  of 

I  62  copper 

t  32  tin 

^^■r  6 


100 


But  the  lead  he  considers  as  accidental**    This  alloy  is  very 
hardy  of  the  colour  of  steel,  and  admits  of  a  fine  polish.     But 

t*  See  Dize'a  Analysis,  Jour,  de  Phys.  1790, 
t  Sec  Waiiion'»  Chcm.  Essttya,  iv.  127.  \  Wasserberg,  u  262. 

§  Waiaoii*a  £«aayff,  iv.  132.  0  Wjis8erbe%  i.  261. 

f  TJiis  is  6  atoms  copper  +  I  atom  tin* 
••  rtiU,  Mag.  xvii,  2»i. 
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.chap.nL    besides  this,  there  are  many  other  compounds  ofiten  used  for 
the  same  purpose.* 

Vessels  of  copper,  especially  when  used  as  kitchen  utensils, 
are  usually  covered  with  a  thin  coat  of  tin  to  prevent  the  cop- 
per from  oxidating,  and  to  preserve  the  food  which  is  prepared 
in  them  from  being  mixed  with  any  of  that  poisonous  metal 
These  vessels  are  then  said  to  be  tinned.  Their  interior  sur- 
face is  scraped  very  clean  with  an  iron  instrument,  and  rubbed 
over  with  sal  ammoniac.  The  vessel  is  then  heated,  and  a  little 
pitch  thrown  into  it,  and  allowed  to  spread  on  the  surfieu^* 
Then  a  bit  of  tin  is  applied  all  over  the  hot  copper,  which 
instantly  assumes  a  silvery  whiteness.  The  intention  of  the 
previous  steps  of  the  process  is  to  have  the  surface  of  the  copper 
perfectly  pure  and  metallic ;  for  tin  vHll  not  combine  with  the 
oxide  of  copper.  The  coat  of  tin,  thus  applied,  is  exceedingly 
thin.  Bayen  ascertained,  that  a  pan,  nine  inches  in  diameter, 
and  three  inches  three  lines  in  depth,  when  tinned,  only 
acquired  an  additional  weight  of  21  grains.  Nor  is  there  any 
method  of  making  the  coat  thicker.  More  tin  indeed  may  be 
applied,  but  a  moderate  heat  melts  it,  and  causes  it  to  run  ofL 

SECTION  VI. OF  BISMUTH. 

Hiftovy.  The  ores  of  this  metal  are  very  few  in  number,*!-  and  occur 

chiefly  in  Germany.  This,  in  some  measure,  accounts  for  the 
ignorance  of  the  Greeks  and  Arabians,  neither  of  whom  appear 
to  have  been  acquainted  with  bismuth.  The  German  miners, 
however,  seem  to  have  distinguished  it  at  a  pretty  early  period, 
and  to  have  given  it  the  name  of  bismuth  ;  for  Ag^icola,  in  his 
treatise  entitled  Berinannus^  written  at  least  as  early  as  1529, 
describes  it  under  that  name  as  well  known  in  Germany,  and 
considers  it  as  a  peculiar  metal.  The  miners  gave  it  also  the 
name  of  tectum  argenti ;  and  appear  to  have  considered  it  as 
silver  beginning  to  form,  and  not  yet  completed.^  Mr.  Pott 
collected,  in  his  dissertation  on  bismuth,  every  thing  respecting 
it  contained  in  the  writings  of  the  alchymists.  Beccher  seems 
to  have  been  the  first  chemist  who  pointed  out  some  of  its  most 

•  See  Wasserberg,  i.  262,  and  Watson's  Chem.  Essays,  iv.  139. 

f  The  number  of  species  of  bismuth  ores  known  to  mineralogists  are  8, 
and  some  of  these  are  very  rare. 

\  Konig*s  Regnum  Minerale,  p.  80.  Even  so  late  as  the  end  of  the  17th 
century  it  was  considered  as  a  species  of  lead.  There  are  three  kinds  of 
lead,  says  Etmuller;  namely,  common  lead,  tin,  and  bismuth.  Bismuth 
approaches  nearest  to  silver.    Etmuller*8  Chemistry,  p.  321. 


BISMUTH.  MB 

remarkaWe  properties.     Pott's  dissertation,  published  in  1739,    TtmUfir, 

eontaiiied  an  account  of  its  habitudes  with  different  eheniieal  '. 

substances.  Several  additional  facts  were  given  by  Neuman 
in  hi8  Chemistry,  by  Ileltot  and  Diifay  ;  but  Geoftroy,  junior, 
wns  the  6rst  who  undertook  a  complete  series  of  experiments 
on  it.  The  first  part  of  his  labours  M'as  published  in  tlie 
MenioirM  of  the  rVench  Academy  for  175:3;  but  his  death  pre- 
vented the  completion  of  his  plan.  Chemists  for  some  time 
were  disposed  to  consider  bismuth  as  an  alloy,  but  this  opinion 
wm  gradually  laid  aside.  Dr.  John  Davy,  in'  181^2,  published 
a  set  of  careful  experiments  on  the  compounds  which  bismuth 
forms  with  oxygen,  chlorine^  and  sulphur.*  In  181-%  Mr. 
Ljigerlijelm  pnblished  a  set  of  experiments  on  its  combinations 
with  oxygen  and  sulphur.f 

This  metal  Is  but  little  used ;  though  it  enters  occasionally 
intii  some  alloys.  What  exists  in  commerce  is  chiefly  obtained 
from  native  bismuth  ore.  The  process  consists  in  merely  melt- 
ing the  metal  out  of  its  gangue  by  exposing  it  to  a  moderate 
heat  in  contact  with  burning  fuel.  The  metal,  as  it  occurs  in 
commerce,  is  never  quite  pure;  but  it  may  be  rendered  so  by 
dissolving  it  in  nitric  acid,  rendering  the  solution  as  neutral  as 
possible  by  evaporation,  and  then  diluting  it  with  a  good  deal 
of  water.  A  white  curdy  matter  falls  down,  which  must  be 
well  washed  and  dried  in  the  open  air.  When  this  matter  is 
heated  in  a  charcoal  crucible,  or  w  hen  it  is  mLxed  with  black 
flux  and  heated  in  a  Hessian  crucible,  it  is  reducetl  to  pure 
metallic  bismuth, 

L  Bismuth  Ls  of  a  reddis^h  white  colour,  and  almost  destitute 
both  of  taste  and  smell.  It  is  composed  of  broad  brilliant  plates 
adhering  to  each  other.  The  figure  of  its  particles,  according 
to  Ha'yy,  is  an  octaliedron,  «^r  t^  o  four-sided  pymmi*Ls,  applied 
base  to  base.^ 

It  is  rather  softer  than  copper.  Its  specific  gran ty  is  9*822.§ 
According  to  Harej>ath,  9*8i3**i.  By  cautious  hammering  the 
specific  gravity  can  be  made  as  high  as  9'B827,  according  to 
Berzelius. 

\Vhen  httmmered  cautiously>  its  density,  as  Musehenbroeck 
ascertainetl,  is  considerably  increased.  It  is  not,  therefore, 
very  brittle  ;  it  breaks,  however,  when  struck  smartly  by  a  ham- 
mer, and  consequently  is  not  malleable.     Neither  can  it  be 

•  Phil,  Trans.  181^,  p.  160,  f  Annils  of  Philosophy,  iv.  357. 

t  Jour,  (ie  Min«  Aji.  v.  p.  562.  $  BriisoQ  and  Batchett. 
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Chap.  lu.  drawn  out  into  wire.  Its  tenacity,  from  the  trials  of  Musdien- 
broecky  appears  to  be  such  that  a  rod,  y\yth  inch  in  diameter, 
is  capable  of  sustaining  a  weight  of  nearly  29  lbs. 

When  heated  to  the  temperature  of  476®*  it  melts,  accord- 
ing to  Dr.  Irvine ;  but  Mr.  Crichton,  junior,  of  Glasgow,  who 
made  a  set  of  very  careful  experiments,  some  years  ago,  finds 
the  melting  point  as  high  as  497^. 

When  allowed  to  cool  slowly,  and  when  the  liquid  metal  is 
withdrawn,  as  soon  as  the  surface  congeals,  it  crystallizes  is 
parallelepipeds,  which  cross  each  other  at  right  angles. 
Oxide.  II.  When  exposed  to  the  air,  it  soon  loses  its  lustre,  but 

scarcely  undergoes  any  other  change.     It  is  not  altered  when 
kept  under  water. 

When  kept  melted  in  an  open  vessel,  its  surfiice  is  soon 
covered  with  a  dark-blue  pellicle;  when  this  is  removed, 
another  succeeds,  till  the  whole  metal  is  oxidized.  When  these 
pellicles  are  kept  hot  and  agitated  in  an  open  vessel,  they  are 
soon  converted  into  a  brownish  or  yellowish  powder. 

When  bismuth  is  raised  to  a  strong  red  heat,  it  takes  fire 
and  burns  with  a  faint^blue  flame,  and  emits  a  yellow  smoke, 
as  was  first  observed  by  Geoffroy.  When  this  is  collected,  it 
is  a  yellow  powder,  not  volatile,  which  has  been  called  ydbw 
oxide  ofhimtuth. 

When  bismuth  is  dissolved  in  nitric  acid,  if  water  be  poured 
into  the  solution,  a  white  powder  precipitates,  which  was  for- 
merly called  magistry  of  bismuth.  This  powder  is  used  as  a 
paint,  under  the  name  of  pearl  or  flake-tohite.  Bucholz  has 
demonstrated  that  this  powder  is  a  compound  of  oxide  of  bis- 
muth and  a  little  nitric  acid.  When  this  white  matter  is 
exposed  to  a  red  heat  it  is  converted  into  pure  oxide  of 
bismuth. 

Oxide  of  bismuth  (for,  as  &r  as  is  known,  it  combines  with 
only  one  proportion  of  oxygen,)  is  a  straw  yellow  powder, 
destitute  of  taste  and  insoluble  in  water ;  but  easily  soluble  in 
nitric  acid.  In  a  strong  red  heat  it  melts  into  a  dark  yellow 
opaque  glass,  which,  on  cooling,  assumes  its  original  colour. 
It  is  soluble  in  caustic  fixed  alkaline  leys,  and  even  somewhat 
soluble  in  caustic  ammonia.  I  consider  the  experiments  whidi 
I  have  elsewhere  relatedf  to  prove  that  the  atomic  weight  of 
oxide  of  bismuth  is  10;  and  as  it  is  the  only  oxide,  we  can  have 
no  hesitation  in  considering  it  as  a  compoimd  of 

*  Irvine,  Nicholson's  Jour.  ix.  4^         t  First  Principles^  i.  407. 
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1  atom  hlsraiith 
1  atom  oxygen 
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'  So  that  the  atomic  weight  of  bwinuth  is  9.  Berzelius  relying 
on  the  experiments  of  Lagerlyelin  makes  tlie  oxide  a  com- 
pound of 

h  Bismuth  ,         .         .         8'871 


Sect.  VL 

Atomic 
Wright, 


9-871 


But  consulering  (for  what  reason  does  not  appear)  oxide  of 
bismuth  as  a  compound  of  I  atom  bismuth  and  1 J  atom  oxygen, 
he  makes  the  atomic  weight  of  bismulh  I3':i0376. 

The  specific  gravity  of  oxide  of  bismuth,  i\B  determined  by 
Roget  and  Dumas,  is  8'449**  1  fijuud  the  specific  gravity  of 
a  portion  of  oxide  which  I  had  myself  prepared  8'*21K 

Bismuth  is  sometimes  used  in  tlie  process  of  cnpeUation 
instead  of  lead.  It  w^as  first  proposed  for  that  purpose  by 
Dtifay  in  17127,  and  his  experiments  were  afterwards  confirmed 
by  Pott^f  nds  oxide  is  easily  reduced  when  heated  along 
with  charcoal  or  other  combustible  bmlies;  for  the  tiffinity 
between  bismuth  uiul  oxygen  is  but  weak* 

IIL  Bismuth  takes  fire  when  introduced  into  chlorine  gas,  chiorid*. 
and  forms  a  chloride  of  bisinutlu  This  compound  has  been 
long  known  under  tlie  name  of  butter  of  bismuth.  It  m 
obtained  by  heating  bismuUi  with  corrosive  sublimate.  By 
keeping  it  in  fusion  for  an  hour  or  two^  at  a  temperature  below 
the  l>oiling  point  of  mercury^  that  metal  gnidually  subsides, 
and  leaves  the  chloride  of  bismuth  pure.  The  chloride  thus 
prepared  has  a  grayish-white  colour,  is  opaque,  and  of  a  gnm- 
ular  texture,  though  not  crystallized.  It  does  not  sul>lime 
when  heated  to  redness  in  a  gbss  tube  with  a  narrow  orifice. 
According  to  the  analysis  of  Dr.  John  Davy4  to  whom  we  are 
indebted  for  the  preceding  facts^  this  chloride  is  a  compound  of 

4-5  chlorine  and  8'89  bismuth,     lii^  evitlent  from  thb  that  it       

is  a  compound  of 


•  Annals  of  Philosophy  (2d  series),  iii,  392* 

f  See  a  aet  of  expcrinienta  on  this  subject  by  Ckaudet  in  the  Ann.  dc 
Chim.  el  de  Phy*.  viii.  113, 
X  PhiLTnuw.  1812,  |>.  190. 
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^^'"P-  ""^  1  atom  chlorine  .         .         4-5 

1  atom  bismuth  •         .         9 


Biomidt: 


13-5 

80  that  its  atomic  weight  is  13*5. 

IV.  For  the  facts  known  respecting  the  bromide  of  bismuth 
we  are  indebted  to  M.  Serullas.  To  form  it  we  must  put 
bismuth  in  powder,  with  a  great  excess  of  bromine,  into  a  long 
tube,  shut  at  one  extremity,  and  expose  it  to  heat.  Yellow 
vapours  appear  and  oondense  on  the  sides  of  the  tube.  These 
Serullas  considers  as  constituting  a  bromide  containing  more 
bromine  than  the  compound  which  remains  at  the  bottom  of  the 
tube,  and  which  is  a  simple  bromide  of  bismuth.  It  is  a  solid 
of  a  steel-gray  colour,  having  the  aspect  of  iodine  fused  into 
a  solid  mass.  It  fiises  when  heated  to  about  392°.  It  then 
assumes  a  hyacinth  red  coloiu* ;  but,  upon  being  allowed  to  cool, 
it  resiunes  its  former  gray  colour.  When  exposed  to  the  air 
it  rapidly  absorbs  moisture,  and  assumes  a  fine  sulphur  yellow 
colour.  Water  decomposes  it  into  hydrobromic  acid,  and  oxide 
of  bismuth  still  retaining  bromine. 

Bromide  of  bismuth  may  be  obtained  also  by  throwing  bis- 
muth, alloyed  with  ^th  of  its  weight  of  arsenic,  into  bromine, 
contained  in  a  tube.  Combustion  takes  place,  and  two  brom- 
ides are  formed.  By  applying  heat  the  bromide  of  arsenic  is 
distilled  over,  while  the  bromide  of  bismuth,  being  by  no  means 
volatile,  remains  behind.* 
Iodide.  V.  Iodine  readily  combines  with  bismuth  by  the  assistance 

of  heat.    The  iodide  has  an  orange-yellow  colour;  it  is  insoluble 
in  water ;  but  may  be  dissolved  in  a  solution  of  caustic  potash 
without  occasioning  any  precipitation.  This  iodide  has  not  been 
analyzed,  but  there  can  be  no  doubt  that  it  is  a  compound  of 
1  atom  iodine  .         .  15*75 

1  atom  bismuth         .         .  9 


24-75 
Hydiet  VI.  When  a  bismuth  wire  from  the  negative  pole  of  a  gal- 

vanic battery  is  plunged  into  water,  into  which  a  wire  from  the 
positive  pole  also  dips,  it  soon  becomes  black,  and  is  covered 
with  black  dendritical  figures.  This  black  matter  is  considered 
as  a  hydret  of  bismutLf 

*  Ann.  de  Chim.  et  de  Phys.  xxxviii.  323. 
f  Rutland;  Schweigger's  Journal^  xv.  417. 
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VIL  We  are  not  acquainted  with  any  combinations  wliicli 
bismuth  forms  with  azote,  oirboB,  boron,  or  silicon, 

V^IIL  Bismuth  cannot  be  easily  combined  with  phosphorug* 
Mr.  Pelletier  attempted  to  produce  the  phospburet  of  bisimuth 
by  TBrious  methods  without  success.  When  he  dropped  phos- 
phorus^ however,  into  bismuth  in  fusion,  lie  obtained  a  sub- 
stance which  did  not  apparently  differ  from  bismuth,  but  which, 
when  exposed  to  the  blowpipe,  gave  evident  signs  of  contain- 
ing phosphorus.*  This  substance,  according  to  Pelletier,  did 
not  contain  above  four  parts  in  the  hundred  of  phosphorus,  and 
even  this  small  portion  seems  only  to  have  been  mechanically 
mixed.  Phosph tire t ted  hydrogen  gas  throws  down  bismuth  in 
the  state  of  a  black  powder,  which  yields  phosphorus  when 
distilled.f 

IX.  Sulphur  combines  readily  with  bismuth  by  fusion.  The 
sulphuret  of  bismuth  is  of  a  bluish-gray  colour.  It  crystallizes 
in  beautiful  tetrahedral  needles,  which  cross  each  other.  It  is 
rery  brittle  and  fusible,  and  bears  a  strong  resemblance  to  sul- 
pburet  of  antimony,  but  is  rather  brighter  coloured.    One  hun- 

parts  of  bismtith,  according  to  Wenzel's  experiments, 
lite  by  fusion  to  17*5  of  sulphur.  Doubtless  a  portion  of  the 
metal  had  remained  uncombined ;  for  both  Dr.  John  Davy  and 
M-  Lagerhjelm  found  this  sulphuret  a  compound  of  100  bis- 
muth and  '22*43  of  sulphur.  M.  H.  Rose  analyzed  native  bis* 
muth,  which,  though  a  very  rare  mineral,  occurs  both  in  Swe- 
den and  Germany,  and  found  it  a  compound  of 

1  atom  bismuth       .         .         •         9 
1  atom  sulphur        .         ,         .         2 

The  specific  gravity  of  this  sulphuret,  as  determined  by  Mr* 
Harepath,  is  7'59L  Mohs  states  that  of  native  sulphuret  at 
6-549. 

X.  Selenium  and  bismuth  combine  with  the  evolution  of  a  seUmiet, 
small   quantity   of  heat*     The  seleniet  melts  at  a  red  lieaL 
When  cold  it  has  the  metallic  lustre,  a  silver  white  colour,  and 

a  very  crystaUine  texture. § 


•  Ann,  de  Chim.  xm,  SO. 

{  The  result  of  \u&  analysts  was 

Bismuth 

Sulphur 


t  BetzeliiUL 


18-72 
9970 


W  {  Bcraeltus,  Ann.  de  Chim.  ct  de  Phji.  x.  24R. 
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'"•  XI.  When  arsenietted  hydrogen  gas  is  passed  through  a 
solution  of  bismuth  an  arseniet  of  bismuth  is  precipitated 
When  bismuth  and  arsenic  are  melted  together  almost  the 
whole  of  the  arsenic  makes  its  escape.  For,  according  to  Berg- 
man, the  weight  of  the  bismuth  is  only  increased  j^jth  part 
This  would  constitute  an  alloy  of  about 

8  atoms  bismuth  •         .         72 

1  atom  arsenic       .         .         .  4*75 


76-75 
XII.  With  tellurium  and  antimony  bismuth  may  be  melted 
in  every  proportion. 
Aiioyi.  XIII.  The  combination  of  bismuth  and  molybdenum  is 

obstructed  by  the  volatility  of  the  former  metal.  When 
they  are  melted  together,  the  bismuth  is  driven  off,  and  a 
black  brittle  mass  remains,  consisting  chiefly  of  molybdenum. 
Four  parts  of  bismuth  and  one  of  molybdenum,  being  melted 
together  in  a  bed  of  charcoal,  gave  a  black  brittle  mass,  tc^ether 
with  a  button  of  bismuth,  which  retained  a  portion  of  molyb- 
denum. This  button  bore  a  few  strokes  of  the  hammer,  but 
at  length  broke  in  pieces.  Its  texture  was  closer  than  bismuth, 
and  it  was  very  fusible.* 

XIV.  When  100  parts  of  bismuth,  50  of  tungstic  add,  and 
a  quantity  of  charcoal  powder,  are  strongly  heated  in  a  cru- 
cible, a  button  is  obtained,  which,  with  a  few  strokes  of  a  ham- 
mer, extended  itself  easily,  but  on  continuing  them  it  split  in 
pieces.     This  button  weighed  142  grains. 

XV.  Bismuth  and  potassium  imite  readily  together  by  heat 
Serullas  obtained  this  alloy  by  heating  together  a  mixture 
of  60  parts  of  charred  cream  of  tartar,  120  of  bismuth,  and 
1  part  of  nitre.  The  alloy  thus  formed  was  rich  in  potas- 
sium. When  broken  it  enters  into  fusion  and  burns.  Serul- 
las proposes  it  as  an  excellent  test  to  prove  the  dryness  of 
gases.  When  introduced  into  a  gas  containing  the  least  mois- 
ture it  is  immediately  alfected.f 

The  other  alloys  of  bismuth  are  still  very  imperfectly  known. 
It  constitutes  one  of  the  constituents  of  an  alloy  remarkable  for 
its  easy  fusion.     The  most  remarkable  of  the  fusible  metals  is 
the  one  first  made  by  Rose,  and  composed  of 
2  parts  by  weight  of  bismuth, 
1         .  .         of  lead, 

1         .  .         of  tin. 

•  Crell's  Annals,  Hi.  p.  363.  f  Ann.  de  Mines,  viii.  151. 
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It  mclb;  when  heated  to  Si00°*75.  ErmJiii  made  a  eurioiis  set 
of  experiments  on  the  expansions  of  this  metal^  at  different  tem- 
peratures, of  whicli  I  liave  given  an  accuuiit  in  a  former  work.* 
What  IS  called  Newton'ii  fusible  metal  is  an  alloy  of 

8  parts  by  weight  of  bismuth, 

6         .         ,  of  Jead, 

3         .         .  of  tin. 

It  melts  at  212^ 


Family  IV. 
S«t.  VII, 


SioelUng  pra« 


SECTION  Vir. — OF  MERCURY, 

Mehcury  or  Quicksilver  was  known  in  the  remotest  ages.  History. 
Indeed,  as  it  occurs  not  unfreqnently  in  a  native  state,  it  could 
not  fail,  at  a  very  early  period,  to  attract  the  attention  of  every 
person  who  was  interested  in  metals.  It  is  rather  a  rare  metal, 
and  occurs  in  the  earth  in  only  5  different  states,  constituting 
5  different  species  of  mercurial  ores.  Native  mercury  is  not 
uncommon,  but  by  far  the  most  abundant  ore  is  cmnabar,  or 
sulphuret  of  mercury. 

The  process  followed  for  obtaining  mercury  from  cinnabar 
is  very  simple ;  it  is  mixed  witli  half  its  weight  of  lime,  or  of 
scales  of  iron,  and  distilled  in  an  iron  retort,  or  a  kind  of 
oven  constructed  for  the  jiurpose.  The  sulphur  is  abstracted  by 
the  Ume,  or  iron,  and  the  mercury  passes  over  and  is  received 
in  water.  It  comes  over,  for  sale,  m  large  iron  bottles,  and, 
fP  ftir  as  I  have  observed,  while  in  the  original  packages,  it  is 
Tery  pure*  When  we  want  pure  quicksilver  for  any  particular 
purpose,  the  usual  way  is  to  put  a  mixture  of  two  parts  of  arti- 
ficial cinnabar  and  1  part  of  iron  filings  into  a  stone-ware 
retort,  which  is  fitted  into  a  receiver  containing  water.  The 
retort  is  then  gradually  heated  almost  to  redness.  The  mer- 
cury passes  oxer  into  the  receiver  in  a  sLite  of  purity. 

I.  The  colour  of  mercury  is  white,  and  similar  to  that  of  silver; 
hence  the  names  hi/drari/t/rnMy  arffentum  vlvmn^  tptitkAiivcr^  by 
which  it  has  been  known  in  all  ages.  It  has  no  t^istc  nor  smell. 
It  possesses  a  good  deal  of  brilliancy ;  and,  when  its  surface  is 
not  tarnished,  makes  a  very  good  mirror.  Its  specific  gravity 
is  l3-56at 

Mr-  Crichton,  jmiior,  of  Glasgow,  took  its  specific  gravity 

•  On  Heat  and  Elect riiily,  p,  30. 

f  Cavendish  ai>d  Brisson.  The  specific  gravity  varies  considerably  like 
that  of  all  other  mctula.  Fahrenheit  found  it  13-575.  (Phil  Trans.'  1724, 
ToL  icxjiiiL  Ilk)  Mr.  Biddtc  found  it  13-613  ut  the  temperature  of  iiO<>. 
(PtuL  Ma^'.  Ts.Ti%.  134.) 
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.  lu.  with  uncommoh  care,  and  obtained  almost  the  very  same  result 
■"  as  Lord  Charles  Cavendish  had  done.  He  found  it  13-56846. 
We  may  therefore  consider  13*668  as  the  true  specific  gravity 
of  pure  mercury  at  the  temperature  of  60^.  When  in  a  solid 
state  its  density  is  increased ;  its  specific  gravity,  according  to 
the  experiments  of  Schulz,  being  14*391,*  according  to  the 
experiments  of  Mr.  Biddle  14*465.+ 

At  the  common  temperature  of  the  atmosphere  it  is  always 
in  a  state  of  fluidity.  In  this  respect  it  differs  from  all  other 
metals.  But  it  becomes  solid  when  exposed  to  a  suffident 
degree  of  cold.  The  temperature  necessary  for  fireezing  this 
metal  is  — 38*^*66,  as  was  ascertained  by  the  experiments  of  Mr. 
Hutchinsj:  at  Hudson's  Bay.  Solid  mercury  may  be  subjected 
to  the  blows  of  a  hammer,  and  may  be  extended  without  break- 
ing. It  is  therefore  malleable ;  but  neither  the  degree  of  its 
malleability,  nor  its  ductility,  nor  its  tenacity,  have  been  ascer- 
tained. 

Mercury  boils  when  heated  to  656^.§  It  may,  therefore^ 
be  totally  evaporated,  or  distiUed  from  one  vessel  into  another. 
It  is  by  distillation  that  mercury  is  purified  from  various  metal- 
lic bodies  with  which  it  is  often  contaminated.  The  vapour  of 
mercury  is  invisible  and  elastic  like  common  air :  like  air,  too, 
its  elasticity  is  indefinitely  increased  by  heat,  so  that  it  breaks 
through  the  strongest  vessel.  Geofioy,  at  the  desire  of  an 
alchymist,  enclosed  a  quantity  of  it  in  an  iron  globe  strongly 
secured  by  iron  hoops,  and  put  the  apparatus  into  a  furnace. 
Soon  after  the  globe  became  red  hot,  it  burst  with  all  the  vio- 
lence of  a  bomb,  and  the  whole  of  the  mercury  was  dissipated.  | 
The  specific  gravity  of  vapour  of  mercury,  as  determined  by 
Dumas,  is  6*976.f  From  this  determination,  which  must  be 
very  near  the  truth,  it  follows  as  a  consequence  that  the  atontkic 
weight  of  mercury  is  12*5.  For  the  atomic  weight  of  a  gas- 
eous body  Daultiplied  by  *5555  is  equal  to  the  specific  gravity 
in  the  gaseous  state.  Now  12*5  X  -5555  =  6*9747,  a  number 
which  almost  coincides  with  that  found  by  Dumas.    This  is  fiir- 

♦  Gehlen's  Jour.  iv.  434.  f  PhU.  Mag.  xxx.  134. 

X  Phil  Trans.  1 783,  p.  303.  See  also  Mr.  CaveDdish*s  obsenrations  oo 
Mr.  Hutchins's  experiments  in  the  same  volume  of  the  Transactions. 

§  Crichton,  Phil.  Mag.  xiv.  49.  According  to  Heinrich  the  boiling  point 
is  65f^i^,  Schweigger*s  Journal,  L  214.  These  are  the  numbers  marked 
upon  the  common  thermometer;  the  true  boiling  point  is  660^,  as  determined 
by  Mr.  Crichton,  jun. 

II  Macquer*s  Chemistry.  1  Ann.  de  Chim.  et  de  Phys.  xxxiiL  351. 


MERCURY. 


615 


retl  powder,  or  nither  into  small  crystals  of  a  very  deep  red 
colour*  The  oxide,  when  thus  obtained,  was  formerly  called 
precipitftte  per  se,  %  When  mercury  is  dissolved  in  nitric  acid, 
evaporated  to  dryness,  and  then  exposed  to  a  graduated  heat, 
it  aj^Huojes  a  brilliant  scarlet  colour.  The  powder  thus  obtmned 
was  formerly  called  red  precipitate^  and  possesses  exactly  the 
properties  of  the  oxide  obtained  by  the  former  process.* 

When  formed  by  heat  it  frequently  crystallizes  m  regular 
octahedrons.  It  has  an  acrid  and  disagreeable  taste,  possesses 
poisonouH  qualities,  and  acts  as  an  escharotic  when  applied  to 
any  piirt  of  the  skin.  Its  sjiecific  gravity,  according  to  liare- 
patli,  is  114185;  but  Koget  and  Dnmiis  make  it  ll-*2i>.f  It  is 
said  to  be  somewhat  suluble  in  water.  But  this  is  probably 
only  the  rase  when  the  nitrate  of  which  it  is  formed  lias  not 
l»een  completely  decomposed*  When  triturated  with  mercury, 
it  giv  es  out  part  of  it.s  oxygen,  and  tlie  mixture  assuines  various 
colours  according  to  the  proportion  of  the  ingredients.  When 
heated  along  with  zinc  or  tin  filings^  it  sets  these  metals  on  fire. 
M'hen  heated  to  redness  it  becomes  black,  without  any  change 
in  its  proportion  of  oxygen. J  According  to  the  experiments  of 
Sefutrom.J  which  I  consider  as  the  most  accunite,  this  oxide  is 
composed  of  100  parti*  mercury  and  7-99  parts  oxygen.  We 
may  therefore,  without  sensible  error,  consider  it  as  a  com- 
pound of 

1  atom  mercury         .         .  12*5 

I  1  atom  oxygen  .         .  1 


FvmUy  IT. 
Sect,  vn. 
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I  have  shown  by  experiments,  which  I  consider  as  decisive^ 
that  the  real  atomic  weight  of  mercury  is  l'2'5,i| 

III.  Mercury  takes  fire  when  introduced  into  chlorine  gas 
and  heated.  It  is  capable  of  combining  in  two  proportions  with 
chlorine,  and  of  forming  two  chlorides  w  hich  have  been  long 
known.  The  subchloride  is  usually  called  calome!^  and  the 
chloride  corrosive  sublimate^ 

It  would  occupy  too  much  room  to  give  a  detail  of  the  very 
uumerous  experiments  tliat  have  been  made  upon  these  chlo- 

^  See  e  dctcription  of  the  method  of  tnanuracturing  this  oiLule^  b;  Paysie. 
Ann.  de  Chitn*  li.  303. 

f  Annals  of  Pliilo?io|ihy  {2tl  sene9)i  iii  392, 
^  Donovan,  Anni&lB  of  PhtloHophy,  xiv.  S44. 
5  Annals  ol*  Philasopliy^  iiL  3o5. 
I  Aiiiiols  of  Phiioftopby  (2d  neries),  ii.  126. 
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ca«p.ni,  Donovan  has  shown  that  when  a  small  quantity  of  calomel  is 

!  mixed  at  once  with  a  considerable  quantity  of  potash  ley  the 

suboxide  of  mercury  is  obtained  in  a  state  of  purity,  provided 

we  take  care  to  remove  the  metallic  globules  of  mercury  with 

which  it  is  mechanically  mixed.* 

Various  experiments  have  been  made  to  determine  the  com- 
position of  this  oxide.     The  most  accurate  appear  to  be  those 
of  Seftstrom  :f  according  to  whom  it  is  a  compound  of 
Mercury  .         .         100 

Oxygen  .         .  3-99 

We  may,  without  any  sensible  error,  consider  it  as  a  com- 
pound of  100  mercury  -|-  4  oxygen,  or  of  25  mercury  and  1 
oxygen.  If  the  atom  of  mercury  be  12*5,  it  is  obvious  that  the 
suboxide  is  a  compound  of 

2  atoms  mercury         .         •         25 
1  atom  oxygen  .         .  1 

26 
so  that  an  atom  of  it  must  weigh  26.  This  oxide  has  the  pro- 
perty of  combining  with  acids  and  constituting  salts.  In  this 
respect  it  £^ees  with  suboxide  of  copper.  It  has  a  specific 
gravity,  according  to  Harepath,  of  10*69.  It  is  very  easily 
reduced  to  the  metallic  state.  Indeed  it  almost  always  contains 
globiiles  of  mercury  (visible  under  a  magnifier)  mixed  with  it. 
But  when  combined  with  an  acid  it  becomes  more  difficult  to 
decompose  it.  When  this  oxide  is  heated  or  boiled  in  water 
it  becomes  green,  being  partly  reduced  and  partly  converted 
into  peroxide.^ 
s.  Oxide.  2.  When  mercury,  or  its  suboxide,  is  exposed  to  a  heat  of 

about  600**,  it  combines  with  additional  oxygen,  assumes  a  red 
colour,  and  is  converted  into  an  oxide.  This  oxide  may  be 
formed  two  different  ways :  1.  By  putting  a  little  mercury  into 
a  flat-bottomed  glass  bottle  or  matrass,  the  neck  of  w^hich  is 
drawn  out  into  a  very  narrow  tube,  putting  the  matrass  into  a 
sand  bath,  and  keeping  it  constantly  at  the  boiling  point.  The 
height  of  the  matrass,  and  the  smallness  of  its  mouth,  prevents 
the  mercury  from  making  its  escape,  while  it  affords  free  access 
to  the  air.  The  surface  of  the  mercury  becomes  gradually 
black,  and  then  red,  by  combining  with  the  oxygen  of  the  air: 
and  at  the  end  of  several  weeks,  the  whole  is  converted  into  a 

•  Annals  of  Philosophy,  xiv.  244.  t  '^"1.  iii.  355. 

J  Donovan,  Ibid.  xiv.  244^ 


MERCURY. 


615 


red  powder,  or  rather  into  small  crystals  of  a  %'ery  deep  red   ^•^^t  <▼- 

colimr.      The  oxide,  wlieii  itius  ohUiined^  was  fonrierly  called ^ 

precipitate  per  se,  2,  When  merciiry  is  dissolved  in  nitric  acid, 
evaporated  to  dryness,  iuid  dicu  exposed  to  a  graduated  heat, 
it  a*iHinne*i  a  britliant  scarlet  colour.  The  powder  thus  obtained 
was  formerly  allied  red  precipitaie^  aiid  possesses  exactly  the 
properties  of  the  oxide  obtained  by  tlie  former  process.* 

Wlien  formed  l>y  heal  it  frequently  crystiillizes  in  regtdar 
octaliedrons,  it  Iuls  an  acrid  and  clisa^eeable  taste,  possesses 
poisonous  qualities,  and  acts  as  an  escharotic  when  applied  to 
any  part  of  tfie  skui*  Its  specific  gravity,  according  to  Hare- 
path,  is  11 '085 ;  but  Uoget  and  Dumas  msdie  it  H-2i».-|-  It  is 
said  to  [te  somewhat  ^ohible  in  water.  But  tins  is  probiddy 
only  the  ease  when  the  nitrate  of  which  it  is  formed  has  not 
been  completely  decomposed.  When  triturated  with  mereurVj 
it  gives  out  part  of  its  oxygen,  and  the  mixture  assumes  various 
colours,  according  to  tlie  proportion  of  the  ingredients.  When 
heated  along  with  zinc  or  tin  filings,  it  sets  these  metals  on  fire. 
When  heated  to  redness  it  beeomes  bhick,  without  any  change 
in  its  proportion  of  oxygen. J  According  to  the  experiments  of 
Seftstrom,}  which  1  consider  as  the  most  accunite,  this  oxide  Ls 
composed  of  100  parta  mercury  and  7-99  parts  oxygen.  We 
may  therefore,  withotiC  sensible  error,  consider  it  as  o  com* 
pound  of 

1  atom  mercury         .  ,  12'5 

1  atom  oxygen  *  •  1 


ia*5 

I  have  shown  by  experiments,  which  I  consider  as  decisive, 
that  the  real  atomic  weight  of  mercury  is  I'2"5.|| 

III.  Mercury  takes  fire  when  introduced  into  chlorine  gas  ctoorkSe^ 
and  heated.    It  is  tnipable  of  combining  in  two  proportions  with 
chlorine,  and  of  forming  two  chlorides  which  have  been  long 
known.     The  sul>cliloride  is  usually  called  caiomel^  aud  the 
chloride  eorr(mvf  sublimate. 

It  would  occupy  too  much  room  to  give  a  detail  of  the  very 
numerous  experiments  that  have  been  made  upon  these  chlo- 

*  St«e  a  description  of  the  inelbod  of  manufacturing  thia  oxide,  by  Pajsa^ 
Ann.  Je  Chiru.  li,  H)*i* 

f  Annals  of  Ptiilosophy  (s^d  series),  iii  392. 
\  Donovan,  Annals  of  Phtloso(>hy,  xiv*  244. 
§  Annalfl  of  Philosophy,  ilL  355. 
I  Annals  of  Philosophy  {tH  ii€ri€a)|  ti  120. 
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ctap.nL    rides.  Theircomposition  was  first  established  by  Sir  Humphrey 

Davy, 
LChioiidt  or  .  1,  Chloride  of  mercury  is  usually  denominated  canrmve  mdh 
ImatCj  or  corrosive  muriate  of  mercury.  The  origmal  discovem 
of  it  is  unknown.  It  is  mentioned  by  Geber,  who  lived  in  the 
7th  century.  The  Chinese  have  been  acquainted  with  it  abo 
for  a  long  time.*  The  alchymists  appear  all  to  have  been 
acquainted  with  it,  and  to  have  reckoned  it  among  their  secrets; 
and  some  of  them,  Albertus  Magnus  for  instance,  describe  it 
with  a  good  deal  of  precision.  Bergman  has  enumerated  no 
less  than  14  diiflferent  processes  recommended  by  chemists  for 
preparing  it ;  and  since  that  time  several  new  methods  have 
been  proposed. 

The  process  most  commonly  followed  is  to  mix  t<^ether 
.equal  parts  of  dry  nitrate  of  mercury,  decrepitated  common 
9alt,  and  calcined  sulphate  of  iron.  One-third  of  a  matrass  is 
filled  with  this  mixture ;  the  vessel  is  placed  in  a  sand-bath, 
and  gradually  heated  to  redness.  When  the  apparatus  is  cold, 
corrosive  sublimate  is  found  sublimed  in  the  upper  part  of  the 
matrass.  Another  process,  first  proposed  by  Kunkel,  is  to 
expose,  in  a  similar  vessel,  a  mixture  of  equal  parts  of  sulphate 
of  mercury  and  dry  common  salt  to  a  strong  heat :  corrosive 
sublimate  is  equally  sublimed.  It  may  be  formed  likewise  by 
passing  chlorine  gas  into  a  solution  of  nitrate  of  mercury,  and 
evaporating  the  solution  till  the  salt  crystallizes.f  But  it  would 
be  tiresome  and  useless  to  enumerate  all  the  diiflferent  processes. 
By  far  the  most  simple,  and  certainly  the  best  for  chemical 
purposes,  is  to  dissolve  the  red  oxide  of  mercury  in  muriatic 
acid.  The  solution  takes  place  readily,  and  without  the  dis- 
engagement of  any  gas ;  and  the  salt  crystallizes  spontane- 
ously.J 

Chloride  of  mercury,  when  obtained  by  sublimation,  is  in 
the  form  of  a  beautiful  white  semi-transparent  mass,  composed 
of  very  small  prismatic  needles.  By  evaporation,  it  yields 
cubes  or  rhomboidal  prisms,  or  more  commonly  quadrangular 
prisms  with  their  sides  alternately  narrower,  and  terminated  by 
dihedral  summits.  J  Mr.  Brooke  has  shewn  that  the  primary 
form  of  the  crystals  is  a  right  rhombic  prism,  the  feces  of  which 
are  inclined  at  angles  of  93®  44'  and  86®  16'.||      Its  specific 

•  Bergman,  iv.  281-  f  Fourcroy,  v.  337. 

t  Berthollet,  Mem.  de  Tlnsttt.  iii.  136.  §  Bei^an,  iy.  295. 
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gravity  is  6*1398.*  Its  taste  is  excessively  acrid  and  caustic, 
and  it  leaves  for  a  long  time  a  very  tlisagreeable  sty  |> tic  metal-  . 
lie  impression  on  the  tongue.  When  swailowed,  it  is  one  of 
the  most  virulent  poisons  known,  producing  violent  pain,  nau- 
sea, and  vomiting,  and  corroding  in  a  very  short  time  the  sto- 
mach and  intestines  f  According  to  the  experiments  of  Dr. 
Davy,  100  parts  of  water  at  57°j  dissolve  5-4  parts  of  corro- 
sive sublimatcj  The  solubility  increases  rapidly  with  the  tem- 
perature. Wenzel  found  tliat  water  boiled  over  it  dissolves  the 
third  part  of  it^  weight  of  the  saltj  Alcohol  of  specific  gravity 
0*816  dissolves  at  60**  half  itj$  weight;  and  sulphuric  ether  at 
the  same  temperature^  dissolves  nearly  one-third  of  its  weight. 
The  specific  gravity  of  both  the  alcoholic  and  ether  solutions  is 

1-oaii 

It  is  soluble  in  muriatic  acid,  but  insoluble  in  sulphuric  and 
nitric  acids.  It  is  decomposed  by  the  fixed  alkalies,  and  oxide  of 
mercury  precipitated  of  a  yellow  colour,  w^hich  soon  becomes  a 
brick-red.  This  decomposition  renders  corrosive  sublimate  a 
useful  test  for  ascertaining  the  presence  of  alkalies  in  solution. 
If  liquid  sublimate  be  dropped  into  a  solution  containing  the 
smallest  portion  of  alkali,  the  brick-red  precipitate  appears. 
The  alkaline  earths  also  decompose  this  salt.  Several  of  the 
metals,  or  their  sulphurets,  decompose  it  also  by  the  assistance 
of  heat.  This  is  the  case  in  particular  with  arsenic,  bismuth, 
autimony,  and  tin*  These  metals  unite  with  the  chlorine,  and 
separate  the  mercury  which  combines  with  sulphur  if  it  be 
present. 

M.  H,  Rose  has  ascertained  that  the  white  precipitate  which 
s  when  a  current  of  sulphuretted  hydrogen  gas  is  passed 
an  aqueous  solution  of  corrosive  sublimatej  is  a  com- 
pound of 
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*  HnsseQfrBtz*  Ann,  de  Chim,  xxTiti.  IS* 

f  Hence  it  was  called  by  the  alchynusta  the  dragon, 

I  Phil.  Trans.  1822,  p-  358. 

5  Vcrwundtschaft,  p.  310. 

I  Dr,  Dovj,  PbiJ.  Trans,  1822,  p,  358. 

^  Ann*  da  Chim.  el  de  Phys.  xL  46. 
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cbMp.m.    This  is  nearly  equivalent  to 

3  atoms  mercury  .  .  37-5 

1  atom  chlorine  •  •  4*5 

2  atoms  sulphur  •  •  4 

46-0 
We  may  therefore  consider  it  as  a  compound  of 
2  atoms  sulphuret  of  mercury, 
1  atom  chloride  of  mercury, 
M.  Bonsdorf  has  shewn  that  corrosive  sublimate  possesses  the 
properties  of  an  acid,  and  that  it  is  capable  of  uniting  with  the 
chlorides  of  the  alkalifiable  bases,  and  forming  with  them  salts. 
The  nature  and  properties  of  these  new  salts  will  come  under 
our  consideration  in  a  subsequent  part  of  this  work. 

I  have  shewn  by  experiments  which  appear  to  me  decisive, 
that  this  chloride  is  a  compound  of 

1  atom  chlorine         •         .         4*5 
1  atom  mercury         •         •       12*5 

17 

Hence  its  atomic  weight  is  17. 
subdiioride  2.  Subchloridc  of  mercury  is  usually  distinguished  by  the 
names  of  calomel  and  mercurius  dukis,  I  am  ignorant  who  the 
original  discoverer  of  it  was.  It  seems  to  have  been  prepared 
by  the  alchymists ;  yet  Crollius,  so  late  as  the  beginning  of  the 
17th  century,  speaks  of  it  as  a  grand  secret  and  mystery :  but 
Beguin  made  the  process  public  in  1608  in  his  Tirocinitm 
Chemicunty  in  which  he  describes  the  salt  under  the  name  of 
draco  mitigatus,*  It  appears  from  the  observations  of  Mr.  What- 
ton,f  that  the  terms  calomelas  and  mercurius  calomelanius^  was 
first  used  by  Sir  Theodore  Turquet  de  Mayenne,  a  French 
physician,  who  was  born  in  1572,  who  settled  in  England  in 
1616,  where  he  was  physician  to  James  I.  and  Charles  L,  and 
died  in  Chelsea  in  1655.  He  had  been  proscribed  by  the 
Faculty  of  Medicine  of  Paris,  because  he  had  made  use  of 
antimonial  medicines,  contrary  to  their  express  prohibition. 

The  processes  for  preparing  it,  which  are  numerous,  have 
been  described  by  Bergman.  The  most  usual  is  to  triturate 
four  parts  of  chloride  of  mercury  \idth  three  parts  of  running 

•  It  has  been  known  also  by  a  variety  of  other  names;  such  as,  sub/imo' 
turn  dulvc,  aquiia  aila,  aquUa  miiigata,  manna  tnetallorum,  panchymogogtm 
mineralef  pancht/mogogus  quercetanus, 

t  Annals  of  Philosophy  (2d  series),  ii.  427. 
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mercury  in  a  gla%s  mortar,  till  the  mercury  Is  kiiled^  as  tlie    F*nuir  nr. 

apothecaries  tenn  it ;  that  is  to  say,  till  no  globules  of  the  inetail  J^ L__ 

can  he  perceived ;  and  the  whole  Lh  converted  into  a  homoge- 
neouH  maKjt,  ThiJ*  mixture  is  put  into  a  matrass,  and  exposed 
to  a  sufficient  heat  in  a  sajul  bath.  The  dichloride  is  sublimed  ; 
mixed,  however,  usually  with  a  little  chloride,  which  h  either 
removed  by  repeated  suliHinations  and  triturations,  or  by  wash- 
ing the  salt  well  with  water* 

It  may  be  prepared  also  in  the  humid  way,  by  a  process  first 
suggested  by  Scl»eele,  but  corrected  by  Mr,  Chenedx* 

Scheele's  metliod  is  to  form  a  nitrate  of  mercury  by  dissolv- 
ing as  much  mercury  as  possible  in  a  given  quantity  of  boil- 
ing nitric  acid.  A  quantity  of  common  salt^,  equal  t(j  half  the 
weight  of  the  mercury  used,  is  then  dissolved  in  boiling  water, 
and  the  boiling  nitrate  is  rautiously  pourt*d  into  it  A  white 
precipitiite  fulls  which  Ls  to  be  edulcorated  with  water  til!  the 
liquid  comes  off  without  any  titste,  m\%\  tlien  dried  upon  a  filter.* 
Cherievix  ha§  shown  that  in  order  to  obtain  the  subcliloride 
by  thU  process  quite  free  from  all  mixture  of  subnitrate,  it  is 
neces84iry  to  mix  the  solution  of  common  salt  with  some  muri- 
atic acid. 

Subchloride  of  mercury  is  usually  in  the  state  of  a  dull  white 
mass ;  but  when  slowly  sublimed,  it  crystallizes  in  four-sided 
pnsms,  terminated  by  j>yramids.  From  the  observations  of  Mr. 
Brooke  it  appears  that  the  primary  form  of  the  crystal  is  a  square 
prism,  the  terminal  angles  and  edges  of  which  are  usually 
replaced  by  faces.f  It  is  tasteless,  does  not  act  as  a  poison, 
but  possesses  the  properties  of  a  purgative.  It  is  by  far  the 
most  important  and  usefirl  of  all  the  mercurial  preparations  in 
a  medicinal  point  of  view.  Its  specific  gravity  is  7*1758, 
according  to  Hassenfratz.  In  cold  v^^ter  it  is  not  sensibly  solu- 
ble* Rouelle  found  it  soluble  in  115*2  parts  of  b<dling  water. 
But  from  the  experiments  of  Vogel  it  would  appear  tliat  it 
undergoes  a  kind  of  decomposition  when  water  is  boiled  on  it. 
The  portion  tlissolved  has  beea  probably  converted  into  corro- 
sive sublimate.  J 

Wlien  exposed  to  the  air,  it  gradually  becomes  deeper 
coloured.  When  rubbed  in  the  dark,  it  phos])horesces,  as 
Scheele  discovered.  A  stronger  heat  is  required  to  sublime  it 
than  is  necessary  for  tlie  sublimation  of  perch  lor ide.    Chlorine 

•  Scheele,  i.  SSI. 

f  Annals  of  PhtloM>pbjf  (Sd  seriet}»  n*  985* 

%  Schweigger'a  JabrbucK,  iii.  29^. 
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^^^^^  1'^    gas  converts  it  into  chloride ;  and  the  same  change  is  prodnoed 

'  by  subliming  it  with  one  part  of  common  salt  and  two  parts  of 

sulphate  of  iron.     Nitric  acid  dissolves  it  readily,  and  muck 

nitrous  gas  is  evolved,  as  BerthoUet  has  shown,  and  the  nit  b 

converted  into  a  chloride. 

Though  the  analyses  of  calomel  by  Zaboada,  CheDerii^ 
Stromeyer,  Proust,  and  myself  are  not  quite  accurate,  yettkey 
leave  no  doubt  that  it  is  a  compound  of 

2  atoms  mercury        •  .  25 

1  atom  chlorine  •  .  4*5 
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so  that  its  atomic  weight  is  29*5.     It  is  analogous  to  the  sab- 
oxide  of  mercury. 
Biomidei.  IV.  M.  Balard  has  shewn  that  mercury  and  bromine  oob- 

bine  in  two  proportions,  forming  two  bromides  analogous  to  (k 
chlorides. 

1.  When  an  alkaline  hydrobromate  is  mixed  with  a  solatks 
of  protonitrate  of  mercury,  a  white  precipitate  fella  analqgov 
to  calomel,  and  doubtless  a  compound  of 

1  atom  bromine  •         •  10 

2  atoms  mercury        •         •  25 

35 

2.  When  bromine  and  mercury  are  pla<?ed  in  contact,  they 
readily  combine,  heat  being  evolved ;  but  no  light.  The  hf- 
mide  produced  is  a  white  matter,  which  may  be  sublimed  bj 
heat,  and  which  is  soluble  in  water  and  in  alcohol,  and  vm 
soluble  in  ether.  Alkalies  throw  down  a  red  or  yellow  preci- 
pitate from  its  aqueous  solution.  When  treated  with  nitric  or 
sulphuric  acid,  it  gives  out  vapours  of  bromine.*  Its  consrin- 
ents  are 

1  atom  bromine  .         .  10 

1  atom  mercury  .         .  12-5 

22-5 

V.  Iodine  combines  readily  with  mercury.  Nothing  loatt 
is  necessary  than  to  place  the  two  bodies  in  contact.  Tbey 
speedily  unite.  Iodide  of  mercury  is  formed  likewise  wheos 
hydriodate  is  dropped  into  a  solution  of  mercury  in  an  acii 
According  to  Gay-Lussac  there  are  two  iodides  of  mercury. 

♦  Balard,  Aim.  de  Chim.  et  de  Phys.  xxxiL  360. 
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Tlie  snhiodide  has  a  yellow  colour*  tlie  iodide  is  a  beautiful  red,  ''««**»?  'v* 
which  tnay  be  employed  as  a  paint     They  are  both  insoluble  _ 
in  water.     They  are  decomposed  by  nitric  acid.     Gay-Lussac 
has  (ihown  that  the  subiodide  is  a  coDi|H>und  of 

1  atom  iodbie  .         .  15*75 

2  atoms  mercury       .         .         25 

40-75 
and  the  iodide  of 

1  atom  imline  •         .         15*75 

1  atom  mercury        .         *         12-5 
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VI,  Mr.  Pelietier,  after  several  unsucceasfnl  attempts  to  com-  Pbaiphu«t. 
bine  phosphorus  and  mercury,  at  last  succeeded  by  distilling  a 
mixture  of  red  oxide  of  mercury  and  phosphorus.  Part  of  the 
phosphorus  combined  with  the  oxygen  of  the  oxide,  and  was 
converted  into  an  acid ;  the  rest  combined  wnth  the  mercury. 
He  observed,  that  the  mercury  was  converted  into  a  black 
powder  before  it  combined  with  the  phosphoms.  On  making 
the  experiment,  I  found  that  phosphorus  combines  very  readily 
with  the  black  oxide  of  mercury,  when  melted  along  ynXh,  it  in 
a  retort  filled  with  hydrogen  gas  to  prevent  the  combustion  of 
the  phosphorus.  Phosphuret  of  mercury^  is  of  a  black  colour, 
of  a  pretty  solid  consistence,  and  capable  of  being  cut  mth  a 
knife.  When  exposed  to  the  air,  it  exhales  vapours  of  phos- 
phorus.* 

VI L  Mercury  combines  with  two  proportions  of  sulphur,  and  »»iiiAuwti. 
forms  two  sulphurets*     The  disuiphuret  b  blacky  but  the  sul-  J 

phurei  is  rerf.  ■ 

1,  When  two  parts  of  sulphur  and  one  of  mercury  are  J^^*^^***™- 
trillirated  together  in  a  mortar,  the  mercury  gradually  disap- 
pean,  and  the  whole  assumes  the  form  of  a  black  powder^  for- 
merly called  efkiops  minerals  It  is  scarcely  possible  by  this 
process  to  combine  the  sulphur  and  mercury  so  completely,  that 
small  globules  of  the  metal  may  not  be  detected  by  a  microscope. 
When  mercury  is  added  slowly  to  its  own  weight  of  melted 
sulphur,  and  the  mixture  is  constantly  stirred,  the  same  black 
compound  is  formed.  It  may  be  obtained  very  readily  likewise 
by  passing  a  current  of  sulphuretted  hydrogen  gas  through  an 
acid  solution  of  mercury.     The  black  sulphuret  is  precipitated 

•  Aon*  de  Chim.  xiii.  ISS. 
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Chip,  ni  abundantly.  According  to  Guibourt  running  mercury  may  be 
pressed  out  of  the  sulphuret  prepared  in  this  way.*  This  sul- 
phuret,  according  to  Guibourt,  is  a  compound  of  25  mercury  and 
2'05  sulphur.     Hence  it  obviously  consists  of 

1  atom  sulphur  •         •  2 

2  atoms  mercury         •         *         25 

.27 
This  disulphuret  is  thrown  down  when  a  current  of  sulphuretted 
hydrogen  is  passed  through  a  solution  of  protonitrate  of  mercury. 
8.  Sulphuret.  2.  When  ethiops  mineral  is  heated  red-hot,  it  sublimes ;  and 
if  a  proper  vessel  be  placed  to  receive  it,  a  cake  is  obtained  of 
a  fine  red  colour.  This  cake  was  formerly  called  cinnabar; 
and  when  reduced  to  a  fine  powder,  is  well  known  in  commerce 
under  the  name  of  vermilion.f 

This  sulphuret  of  mercury  has  a  scarlet  colour,  more  or  less 
beautiful,  according  to  the  mode  of  preparing  it  Its  specific 
gravity  is  about  10.  It  is  tasteless,  insoluble  in  water,  and  in 
muriatic  acid,  and  not  altered  by  exposure  to  the  air.  When 
heated  sufficiently,  it  takes  fire,  and  burns  with  a  blue  flame. 
When  mixed  with  half  its  weight  of  iron  filings,  and  distilled* 
in  a  stone-ware  retort,  the  sulphur  combines  with  the  iron,  and 
the  mercury  passes  into  the  receiver,  which  ought  to  contain 
water.  By  this  process  mercury  may  be  obtained  in  a  state  of 
purity.  The  use  of  this  sulphuret  of  mercury  as  a  paint  is  well 
known.J 

Cinnabar  may  be  prepared  by  various  other  processes.  One 
of  the  simplest  of  these  is  the  following,  discovered  by  Mr. 
KirchofF.  When  300  grains  of  mercury  and  68  of  sulphur, 
with  a  few  drops  of  solution  of  potash  to  moisten  them,  are  tri- 
turated for  some  time  in  a  porcelain  cup  by  means  of  a  gkiss  pestle, 
ethiops  mineral  is  produced.  Add  to  this  160  grains  of  potash 
dissolved  in  as  much  water.  Heat  the  vessel  containing  the  ingre- 
dients over  the  flame  of  a  candle,  and  continue  the  trituration 
without  interruption  during  the  heating.     In  proportion  as  the 

*  Ann.  de  China,  et  de  Phys.  i.  424. 

f  The  word  vermilion  is  derived  from  the  French  word  vermeil^  which 
comes  from  vermictiitUt  or  vemUculum :  names  given  in  the  middle  ages  to 
the  kermei  or  coccus  illicit^  well  known  as  a  red  dye.  Vermilion  originally 
signified  the  red  dye  of  the  kermes.  See  Beckman's  History  of  Discover- 
ies, ii.  180. 

X  See  a  description  of  the  process  of  making  it  by  Paysse,  Ann.  de  Chim. 
IL  196;  and  by  Tuckert,  ibid.  iv.  25. 
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tlu*  oxitle  may  be  constiiiitly  covered  to  the  depth  of  near  au 
inch.  The  trituratioM  must  be  contmned  about  two  liours  ;  at 
tlie  end  of  wliich  time  the  mixture  begins  to  change  from  it* 
original  lilack  colour  to  a  brouii,  which  usually  happens  wiicn 
a  large  part  of  the  flnid  is  evaporated.  It  then  passes  very 
rapidly  to  a  red.  No  more  water  is  to  be  added ;  but  the  tri- 
turation h  to  be  contiinied  without  interruption.  When  the 
mass  liais  acquired  tlie  consistence  of  a  jelly,  the  red  colour 
becomes  more  and  more  bright,  witli  an  incredible  degree  of 
quickness.  The  instant  the  colour  has  acquired  its  utmost 
beauty,  the  heat  must  be  withdniwn,  otherwise  the  red  passes 
to  a  dirty  brown.  Count  de  Moussin  Fouscbkin  liits  discovered, 
that  its  passing  to  a  brown  colour  may  be  prevented  by  taking 
it  from  the  fire  as  soon  as  it  has  acquired  a  red  colour,  and 
placing  it  for  two  or  three  days  in  a  gentle  heat,  taking  care 
to  add  a  few  drops  of  i^'ater,  and  to  ag^ilate  the  mixture  from 
time  to  time.  During  this  exposure  the  red  colour  gradually 
improves,  and  at  last  becomes  excellent.  He  discovered  also, 
that  when  this  sulphuret  is  exposed  to  a  strong  beat^  it  becomes 
instantly  brown,  and  tlien  passes  into  a  dark  violet :  when  taken 
from  the  fire,  it  passes  instantly  to  a  beautiful  carmine  red.* 
Guihourt  has  shown  that  cinnabar  is  a  compound  of  25  mercury 
and  4  sulphur.f  Hence  it  obviously  consists  of 
1  atom  sulphur  .  •  2 

1  atom  mercury         .         .         12*5 
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Vni.  ^Hien  selenium  and  mercury  are  heated  together,  they  sd«ii^' 
unite  without  the  evolution  of  any  light.  If  there  be  an  excess 
of  mercury  it  Is  easily  driven  off  by  distillation.  The  selcniet 
is  a  tin-white  coherent  mass.  It  does  not  melt,  but  sublimes, 
when  heated,  in  white  plates,  which  have  the  metallic  lustre. 
It  is  scarcely  attacked  by  nitric  acid.  By  long  continued  boil- 
ing in  that  acid,  however,  it  is  at  length  converted  into  seleniate 
of  mercury.  When  muriatic  acid  is  poured  upon  this  white 
powder,  it  dissolves  the  mercury  brought  to  the  state  of  peroxide 
at  the  expense  of  the  selenic  acid,  and  selenium  rcmaitis  in  rlie 
state  of  a  red  powder,  Nitro-muriatic  acid  dissolves  this  seleniet 
with  great  rapidity,  even  without  the  assistance  of  heat  J 

•  Nichulsou's  Joiinud«  ti,  1.  f  Ann.  de  Cfaim,  et  de  Phyi*  L  42S. 

I  BcnediiUi  ibtd<  x.  S47* 
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Chap.  m.  IX.  Mercury  maybe  amalgamated  with  arsenic  by  keeping 
them  for  some  hours  over  the  fire,  constantly  agitating  the  mix- 
ture. The  amalgam  is  gray-coloured,  and  composed  of  5  parti 
of  mercury  and  1  of  arsenic*     This  approaches 

2  atoms  mercury         •  .  25 

1  atom  arsenic  •  •  4-75 


29-75 


X.  Mercury  may  be  amalgamated  with  tellurium  by  triti- 
ration. 

XI.  Pott  first  observed  that  antimony,  reduced  from  its  sbI- 
phuret  by  means  of  iron  and  chalk,  unites  readily  with  mermj 
by  trituration.  Antimony  may  be  easily  amalgamated  by  poo- 
ing  it  while  in  fusion  into  mercury  almost  boiling  hotf  Wliei 
3  parts  of  mercury  are  mixed  in  this  manner  with  1  put«( 
melted  antimony,  a  soft  amalgam  is  obtained,  which  verysooi 
decomposes  of  itself.:!^  Gellert  also  succeeded  in  forming  tb 
amalgam.§ 

XII.  The  attempts  to  combine  mercury  with  chroini«> 
molybdenum,  tungsten,  and  titanium,  have  been  unsuccessfiiL 

XIII.  Mercury  may  be  readily  amalgamated  with  potH' 
sium  and  sodium,  either  by  heat  or  by  simply  placing  the  m 
bodies  in  contact  Considerable  heat  is  evolved  during  tk 
combination.  The  amalgam  is  solid,  unless  the  propordoocf 
potassium  or  sodium  be  very  smalL  It  crystallizes  and  lust 
white  colour  like  that  of  me.cury.  The  potassium  or  sodio 
is  speedily  converted  into  alkali  in  the  open  air  or  ooder 
water.  II 

XIV.  Mercury  has  been  amalgamated  with  the  metallic  btfe 
of  the  alkaline  earths,  by  Seebeck,  Berzelius,  and  Davy.  Be 
these  amalgams  have  not  been  examined. 

We  are  unacquainted  witli  the  compounds  which  meiturj 
is  capable  of  forming  with  the  bases  of  the  earths  proper. 

XV.  Iron  is  not  acted  on  by  mercury  :  accordingly  diisl*^ 
metal  is  usually  kept  in  vessels  of  iron.  Mr.  Ardiur  Aik«s- 
however,  has  shown  that  these  two  metals  may  be  combi»^ 
together.  To  form  an  amalgam  of  iron,  he  triturates  togrtkc 
iron  filings  and  the  amalgam  of  the  metal  called  zincn  and»ii^ 
to  the  mixture  a  solution  of  iron  in  muriatic  acid.  By  kneadi^' 

•  Bergman,  ii.  281.  f  Lewis,  Neuman*8  Chem.  p.  131 

♦  Wallerius.  5  Metall.  Chem.  p.  Hi- 
ll Gay-Lussac  and  Thenard ;  Recherches  Physico-chimiques,  i.  222- 


this  mixture,  and  heating  it,  the  iron  and  mercury  which  com- 
bine together  gradually  assume  the  metal  lie  lustre.^ 

XVL  Mereurj^  does  not  combine  with  nickel,  or  cobalt,  or 
manganese.  Wc  arc  ignorant  of  the  action  of  this  metal  on 
cerium  and  uranium. 

Dr.  Hlainville  has  observed  that  when  iron,  nickel,  or  cobalt 
are  previously  alloyed  with  arsenic,  the  alloy  very  reaclily 
amalgamates  with  mcrcury.f 

XVIL  The  amalgam  of  zinc  was  examined  by  Malouin. 
According  to  him,  it  is  formed  most  readily  by  pouring  mercury 
upon  zinc,  heated  so  as  to  char  paper,  but  not  to  burn  it.  Its 
consistence  varies  wdth  the  proportion  of  zinc.  Eight  parts 
zinc,  and  1  mercury,  form  a  white  very  brittle  compountl.  One 
zinc  and  2 J  mercury  form  an  alloy,  which,  when  melted  and 
cooled  slowly,  crystallizes.  This  amalgam  is  used  to  promote 
the  excitement  of  electric  machines4 

XV  III.  Mercury  dissolves  cadmium  with  the  greatest  facility, 
even  without  the  assistance  of  heat.  The  amalgam  has  a  silver- 
white  colour,  and  crystallizes  in  octahedrons.  Its  specificgravity 
m  greater  than  that  of  mercury.  It  melts  when  put  into  water 
of  the  temperature  167**.  This  amalgam  is  composed  of 
Mercury        .       ,       100  .      ,       25 

Cadmium       .       .         27-7778      •      .         6-94445 
Now  25  is  the  weight  of  2  atoms  of  mercur^s  and  7  of  an  atom 
of  aidmium.     It  is  obvious  therefore  that  the  amalgam  is  a  com- 
pound of  2  atoms  mercury  +  I  atom  cadmium.J 

XIX.  Mercury  combines  readily  with  bismuth,  either  by 
triturating  the  metak  together,  or  by  pouring  2  parts  of  hot 
mercury  into  1  part  of  melted  bismuth.  This  amalgam  is  at 
first  soft,  but  it  becomes  gradually  hard.  When  melted  and 
cooled  slowly,  it  erystidlizes. 

WTien  the  quantity  of  mercury  exceeds  the  bismuth  consider* 
ably,  the  amalgam  remains  fluid,  and  has  the  property  of  dis- 
solving lead,  and  rendering  it  also  fluid.  This  curious  fact  was 
first  described  bv  Beccher,  who  affirmed  that  a  mixture  of  3 
partft  mercur)^  I  lead,  and  1  lusmuth,  form  a  perfectly  fluid 
amalgam.  This  triple  compound  may  be  filtered  through  sliamois 
leather  without  decomposition.  Mercury  is  sometimes  adul- 
terated with  these  metals;  but  tlie  imposition  may  be  easily 


Family  IV, 
Sect  VIL 


•  Phil.  Mag,  xiii.  416,  f  Jour,  de  Phys-  IxTxiv.  261. 

\  It  was  first  recommended  for  that  purpose  by  Dr.  Higgins.     See  Phil. 
Trans.   1778,  p.  861. 

S  Stromeyef ;  Gilbert's  Annalen,  h.  209* 
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"^  detected,  not  only  by  the  specific  gravity  of  the  mercury,  which 
is  too  small,  but  because  it  drags  a  tail,  as  the  workmen  say; 
that  is,  when  a  drop  of  it  is  agitated  on  a  plain  sur&ce,  the  drop 
does  not  remain  spherical,  but  part  of  it  adheres  to  the  sur&cey 
as  if  it  were  not  completely  fluid,  or  as  if  it  were  enclosed  in  a 
thin  pellicle.   This  amalgam  is  used  hot  for  silvering  glass  balls. 

XX.  Mercury  amalgamates  readily  with  lead  in  any  pro- 
portion, either  by  triturating  idth  lead  filings,  or  by  pouring  it 
upon  melted  lead.  The  amalgam  is  white  and  brilliant,  and^ 
when  the  quantity  of  lead  is  suflicient,  assumes  a  solid  form.  It 
is  capable  of  crystallizing.  The  crystals  are  composed  of  1  part 
of  lead  and  li  of  mercury.* 

XXI.  Mercury  dissolves  tin  very  readily  cold ;  and  these 
metals  may  be  combined  in  any  proportion  by  pouring  mercury 
into  melted  tin.  The  amalgam  of  tin,  when  composed  of  3 
parts  of  mercury  and  I  of  tin,  crystallizes  in  the  form  of  cubes, 
according  to  Daubenton  :  but,  according  to  Sage,  in  gray  bril- 
liant square  plates,  thin  towards  the  edges,  and  attached  to  each 
other,  so  that  the  cavities  between  them  are  polygonal. 

This  alloy  is  used  in  silvering  the  backs  of  looking-glasses. 
A  sheet  of  tinfoil  is  spread  upon  a  table,  and  mercury  rubbed 
upon  it  with  a  hare's  foot,  till  the  two  metals  incorporate;  then 
a  plate  of  glass  is  slid  over  it,  and  kept  down  with  weights. 
The  excess  of  mercury  is  driven  off,  and  in  a  short  time  the 
tinfoil  adheres  to  the  glass  and  converts  it  into  a  mirror.f 

XXII.  Mercury  acts  but  feebly  upon  copper,  and  does  not 
dissolve  it  while  cold ;  but  if  a  small  stream  of  melted  copper 
be  cautiously  poured  into  mercury  heated  nearly  to  the  boiling 
point,  the  two  metals  combine  and  form  a  soft  white  amalgam.| 
Boyle  pointed  out  the  following  method,  which  succeeds  very 
well :  triturate  together  2  parts  of  mercury,  2  J  parts  of  verdi- 
gris, and  1  part  of  common  salt,  with  some  acetous  acid,  and 
keep  them  for  some  time  over  a  moderate  fire,  stirring  them 
constantly,  and  supplying  acid  as  it  evaporates ;  then  wash  the 
amalgam  and  pour  it  into  a  mould ;  it  is  at  first  nearly  fluid, 
but  in  a  few  hours  it  crystallizes  and  becomes  quite  solid.§ 
This  amalgam  may  be  formed  also  by  keeping  plates  of  copper 
in  a  solution  of  mercury  in  nitric  acid.     This  plate  is  soon 

*  Dijon  Academicians. 

t  See  Watson's  Chem.  Essays,  p.  240.  Dr.  Watson  has  rendered  it  pro- 
bable  that  the  art  of  forming  mirrors  by  coating  glass  with  a  plate  of  metal 
was  known  at  least  as  early  as  the  first  century. 

I  Lewis,  Neuman's  Chem.  p.  65.  §  Shaw's  Boyle,  i.  3i3. 
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impregnated  with  mercury.     The  anialgam  of  copper  is  of  a  ^*'*"y  *^* 

white  colour,  and  so  §oft  at  first  timt  it  takes  the  most  delicate  ^ 

impresiiioiis ;  but  it  noon  Wcomes  hartler  when  exposed  to  the 
air.  It  Is  easily  decomposed  by  heat ;  the  mercury  evaporates, 
ajid  leaves  the  copper* 

SECTION  VI n, — or  silver. 

Silver  seems  to  have  been  known  almost  as  early  as  gold ;  Hbtovr* 
and  doubtless  for  the  s*ime  reason  ;  because  it  occurs  very  fre- 
qut^ndy  native,  and  retjuires  no  very  higli  temperature  to  melt 
it      We  find  mention  made  of  it  in  the  book  of  Job,  wliich  is 
pri>!>ably  the  oldest  of  the  books  contained  in  the  Old  IVstiimcnt, 

The  ores  of  silver  which  have  been  examined  and  described 
by  mineralogists,  amount  to  17  species.  But  by  far  the  most 
abundant  of  them  are  native  silver  and  sulphuret  of  silver* 

A  considerable  quantity  of  silver  is  extracted  from  lead  by  Ho^oWjUn. 
cupellation,  as  was  described  when  treating  of  lead*    ThLs  silver  "*- 
is  very  pure  ;  the  only  foreign  body  not  sepanited  by  the  cupel- 
la  t  ion  is  gold.     But  gold  o<Tnrs  very  rarely  in  lead  ores,  and  is 
not  likely  therefore  to  be  present.     From  those  mines  which  _ 

contain  native  silver  interspersed  in  stony  matter,  it  is  extracted 
by  reducing  the  matter  to  powder  and  then  mixing  it  with 
mercury  in  a  kind  of  barrels  along  with  water,  the  whole  being 
agitated  by  machinery-  By  this  means  the  silver  is  dissolved 
in  the  mercury,  which  is  separated  and  distilled  in  proper  ves- 
flels.     The  mercury  passes  over,  and  the  silver  remains  l>ehind. 

When  t^ie  silver  is  in  combination  with  sulphur  the  ore  is 
mixed  with  common  salt  and  roasted,  by  which  process  it  is 
converted  into  chloride  of  silver  and  sulphuret  of  sodium. 
Then  water  and  iron  are  atlded,  to  get  rid  of  the  chlorine,  and 
the  silver  thus  disengsiged  is  Anally  dissolved  in  mercury,  and 
the  amalgam  treated  as  above  mentioned. 

When  chemists  wish  to  obtain  pure  silver  for  any  particular 
purpose,  they  dissolve  the  silver  of  commerce  in  pure  nitric 
acid,  and  throw  it  down  from  tlje  solution  by  common  salt, 
Tlie  precipitate  must  be  well  washed  with  boilliig  water  and 
then  dried.  Put  into  a  crucible  twice  as  much  potash  as  you 
have  chloride  of  silver  to  reduce.  Bring  the  potash  to  a  state 
of  complete  fusion,  and  then  introduce  the  chloride  of  silver  by 
'E  little  at  a  time,  and  it  will  be  reduced*  When  the  whole 
silver  has  been  reduced^  raise  tlie  heat  sufficiently  to  melt  it 
into  a  button,  and  then,  when  all  is  cold,  wash  off  the  potash, 
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cbap.  nL   and  the  silver  will  be  found  in  a  mass  at  the  bottom  of  the 
crucible. 

Properties  I.  Silver  is  a  metal  of  a  fine  white  colour  with  a  shade  of 
yellow,  without  either  taste  or  smell ;  and  in  point  of  brilliancy 
is  inferior  to  none  of  the  metallic  bodies,  if  we  except  polished 
steeL  It  is  softer  than  copper,  but  harder  than  gold.  When 
melted,  its  specific  gravity  is  10«474;  •  when  hammered  10-510.t 
In  malleability  it  is  inferior  to  none  of  the  metals,  if  we 
except  gold.  It  may  be  beat  out  into  leaves  only  ■yWjjjsts  ^^ 
thick.  Its  ductility  is  equally  remarkable :  it  may  be  drawn 
'  out  into  a  wire  much  finer  than  a  human  hair ;  so  fine  indeed, 
that  a  single  grain  of  silver  may  be  extended  about  400  feet  in 
length.  Its  tenacity  is  such,  that  a  wire  of  silver  0*078  indi 
in  diameter  is  capable  of  supporting  a  weight  of  187*13  lbs. 
avoirdupois  without  breaking.:^ 

Silver  melts  when  it  is  heated  completely  red  hot;  and 
while  melted  its  brilliancy  is  much  increased.  According  to 
the  calculation  of  Mortimer  and  Bergman,  its  fusing  point  is 
lOOOo  of  Fahrenheit  But  Mr.  Princep  found,  by  experiment, 
that  the  temperature  at  which  silver  melts,  measured  by  an  air 
thermometer,  is  1830°.  If  the  heat  be  increased  after  the 
silver  is  melted,  the  liquid  metal  boils,  and  may  be  volatilized; 
but  a  very  strong  and  long^continued  heat  is  necessary.  Gasto 
Claveus  kept  an  ounce  of  silver  melted  in  a  glass-house  furnace 
for  two  months,  and  found,  by  weighing  it,  that  it  had  sus- 
tained a  loss  of  y^jth  of  its  weight.§  Vauquelin,  however, 
found  that  when  placed  upon  charcoal,  urged  by  a  current  of 
oxygen  gas,  the  silver  was  volatilized  in  a  visible  smoke.  || 

When  cooled  slowly,  its  surface  exhibits  the  appearance  of 
crystals ;  and  if  the  liquid  part  of  the  metal  be  poured  out  as 
soon  as  the  surface  congeals,  pretty  large  crystals  of  silver  may 
be  obtained.  By  this  method  Tillet  and  Mongez,  junior, 
obtained  it  in  four-sided  pyramids,  both  insulated  and  in  groups. 

oxidet.  II.  Silver  is  not  oxidized  by  exposure  to  the  air:  it  gra- 

♦  Brisson  and  Hatchett.  Fahrenheit  found  it  10-481.  (Phil.  Trans. 
1724,  vol.  xxxiii.  p.  114.)  I  found  pure  silver  melted  and  slowly  cooled  of 
the  specific  gravity  10*3946;  when  hammered  it  became  10*4177;  when 
rolled  out  into  a  plate  it  became  10*4812.     Nicholson's  Jour.  xiv.  397. 

f  According  to  Brisson.  Muschenbroeck  found  the  specific  gravity  of 
hammered  silver  10*500.  Dr.  Lewis  makes  it  no  less  than  10*980.  (Phil. 
Com.  p.  549.) 

t  Ann.  de  Chim.  xxv.  9. 

§  Theatrum  Chem.  ii.  17.  j]  Ann.  de  Chim.  Ixxxix.  239. 
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iluiillv  indeed  loses  its  lustre,  aiid  becomes  tarnished;  but  this   »'««ii"yiv. 

ScvL  VIIL 

is  owinj^  to  a  different  caiLse.     Neither  Is  it  altered  by  beliig 

kept  iiiider  water*  But  if  it  be  kept  for  a  long  time  melted 
ill  an  open  vessel,  it  gradually  attracts  oxygen  from  the  atmo- 
sphere, and  is  converted  into  ati  oxide.  This  experiment  was 
first  made  by  Junker,  who  converted  a  quantity  of  silver  into 
a  vitriform  oxide.*  It  w^&  afterwiirds  confirmed  by  Macquer 
and  Darcet.  Macquer,  by  exposing  silver  20  times  succes- 
sively to  the  heat  of  a  porceliiin  furnace,  obtained  a  fflasxf  of 
an  olive  green  colour,^  Nay,  if  the  lieat  be  sufficient,  the 
silver  even  takes  fire,  and  bums  like  otlier  combustible  bodies. 
Van  Marum  made  electric  sparks  from  his  powerful  Teylerian 
machine  pass  through  a  silver  wire ;  the  \dre  exhibited  a 
greenish  white  flame,  and  was  dissipated  into  smoke.  Before 
a  stream  of  oxygen  and  hydrogen  gas,  it  burns  rapidly  with  a 
light  green  flame.  By  means  of  the  gal\^mc  battery  it  may 
be  burnt  w^th  great  brilliancy. 

Mr.  CheviUot  has  shouii  that  w^hen  silver  is  kept  for  some 
time  in  a  state  of  fusiion,  in  the  open  air,  and  tlien  poured  into 
water,  it  gives  out  a  little  oxygen  gas.  If  it  be  alloyed  with 
copper  this  evolution  of  oxygen  does  not  take  place.j 

From  the  experiments  of  Ritter  and  I\iniday,  it  would 
appear  thuU  besides  the  common  brown  oxide  of  silver,  which 
constitutes  the  basis  of  the  salts  of  silver,  there  exist  two  other 
oxides  luit  capable  of  uniting  with  acids,  one  of  which  isa#fi^ 
03tidfiy  and  the  other  a  superoxide, 

1.  When  silver  is  dissolved  m  nitric  acid,  and  an  alkali 
dropt  into  the  solution,  a  brown  coloured  precipitate  falls  in 
flocks,  which,  when  washed  and  dried,  constitutes  the  oxide  of 
silver.  Its  colour  is  grayish  brown,  and  it  becomes  darker 
when  dried.  Its  specific  gravity,  as  determined  by  Mr.  Hare- 
path,  is  7*143.  From  the  experiments  of  Gay-Lussac  and 
Thenard,  it  appears  that  tills  oxide  does  not  combine  with 
water  nor  form  a  hydrate.  When  exposed  to  the  direct  rays 
of  the  suji  it  g^ves  out  oxygen  gas,  and  is  converted  into  a 
black  powder^  the  nature  of  which  has  not  been  examinei 
Whether  it  be  soluble  in  fixed  alkidiue  leys  has  not  been  ascer- 
tained.    But  when  digested  in  caustic  ammonia  it  h  partly  dis* 


•  Junker*!  Conspectus  Cliem.  L  887. 

f  Metallic  oxide&f  oiler  fusion,  are  called  gla^s,  beemise  they  scqutre  ft 
good  deal  of  reseiublance,  m  &Qme  porticuJars^  to  common  glass. 
i  Mac«|uer*H  Dictioniiry,  iL  57  J  - 
S  Aiai,  dc  Cbim*  ct  dc  Phys,  xui.  299. 
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solved,  while  a  black  powder  remains,  constituting ytt/mtitofifi^ 
silver.  From  the  experiments  of  Bucholz  it  would  appear  to 
be  slightly  soluble  in  barytes  water. 

From  a  very  careful  set  of  experiments  on  nitrate  of  silver, 
I  have  satisfied  myself  that  the  atomic  weight  of  this  oxide  is 
14'75.  Now,  as  it  is  the  only  oxide  that  unites  with  adds, 
there  is  reason  to  consider  it  as  a  compound  of 

1  atom  silver  .         .         13-75 

1  atom  oxygen         •         •         1 


14-75 


According  to  this  supposition,  the  atomic  weight  of  silver  is 
13-75. 

The  result  of  Berzelius's  analysis  of  this  oxide  is  that  it  is  a 
compound  of  93- 1 12  silver  and  6-888  oxygen.  He  has  there- 
fore fixed  upon  13-51607  as  the  atomic  weight  of  silver.  With 
this  result  the  experiments  of  Cray-Lussac  and  Davy  nearly 
coincide ;  while  those  of  Rose,  Proust,  and  Bucholz,  approadi 
very  nearly  to  mine.  The  difference  between  13-5  and  13-75 
is  so  small  that  it  is  not  easy  to  determine  accurately  between 
them. 

2.  When  oxide  of  silver  is  dissolved  in  ammonia  and  the 
solution  left  exposed  to  the  open  air,  it  is  soon  covered  with  a 
brilliant  pellicle.  If  this  be  removed  another  soon  succeeds, 
and  the  process  goes  on  till  almost  all  the  oxide  of  silver  has 
undergone  the  change  in  question.  When  this  matter  is  viewed 
by  reflected  light  its  colour  is  gray,  and  it  is  very  brilliant ; 
by  transmitted  light  it  appears  of  a  bright  brown.  When  sud- 
denly heated  it  melts,  gives  out  oxygen,  and  leaves  a  button 
of  silver.  Mr.  Faraday,  who  first  turned  liis  attention  to  this 
brilliant  pellicle,  analyzed  a  quantity  of  it  by  exposing  it  to 
heat  and  collecting  the  oxygen  gas  evolved.  By  this  process 
he  resolved  it  into 

7-5  oxygen  and  about  150  silver. 
While  in  a  comparative  experiment  he  reduced  the  common 
oxide  of  silver  into 

7-5  oxygen  and  101-6  of  silver. 

It  is  obvious  that  if  we  suppose  the  silver  to  be  identical  in 
the  two  oxides,  the  oxygen  in  the  conmion  oxide  will  be  to 
that  in  the  brilliant  pellicle,  as  the  numbers  3  to  2.  So  that 
if  the  first  contain  1  atom  oxygen,  the  second  will  contain  |ds 
of  an  atom.     Or  we  may  view  the  pellicle  as  a  compound  of 
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1^  atom  silver 
1    atom  oxygen 


'206-25 
1 


21-625* 

It  is  therefore  a  suboxide  of  silver.  We  Lave  no  evidence  that 
this  suboxide  is  capable  of  uniting  with  acid.^  and  forming  salts* 

3.  The  superoxide  of  silver  wiis  discovered  by  Ritter.f  superexwt* 
When  a  platinum  wire  from  the  positive  extremity  of  a  gal- 
vanic battery  is  plunged  into  a  weak  solution  of  nitrate  of  silver, 
soon  after  the  circuit  is  completed  small  crystids  about  3  or  4 
lines  in  length,  and  very  brilliant,  appear  on  the  platinum 
wire.  These  crystals,  according  to  Grothuss,  have  tin*  form 
of  oetaliedrons.  Their  colour  is  iron  black.  When  held  to 
the  flame  of  a  candle  tJiey  detonate  and  leave  metallic  silver. 
When  put  into  muriatic  acid  chlorine  is  evolved,  and  they 
are  instimtly  converted  into  chloride  of  silver.  When  dis- 
solved in  ammonia,  azotic  gas  is  evolved,  and  they  are  converted 
into  common  oxide  of  silver.  When  tUgested  in  phosphoric 
and  sulphuric  acids,  oxygen  gas  is  evolved,  and  common  phos* 
phate  ami  sulphate  of  silver  formed.  These  facts,  for  which 
we  are  indebted  to  Ritter,  render  it  exceedingly  probable  that 
this  oxide  contains  more  oxygen  than  the  coromoii  oxide.  But 
the  subject  requires  fartlier  investigation ;  and  it  is  to  draw  the 
attention  of  chemists  to  it  that  I  mention  it  here. 

IIL   Silver  does  not  burn  when  heated  in  chlorine  gas;  but  oiiovide, 
it  gradually  absorbs  the  gas,  and  is  converted  into  the  well 
known  compound  called  formerly  hotti  silver^  and  more  lately 
distinguished  by  the  name  of  muriate  of  siher*     Sir  II.  Davy 
first  showed  that  it  is  a  Moride  of  stiven 

This  chloride  is  easily  obtained  by  dissolving  silver  in  nitric 
acid,  and  mixing  the  solution  with  a  solution  of  common  salt. 
A  copious  curdy  precipitate  fixUs,  \\1ien  this  precipitate  is 
washed  and  dried  it  constitutes  pure  chloride  of  silver.  Its  spe- 
cific g^ravity,  as  deternuned  by  Mr.  Harepath,  is  5*1*29.  The 
specific  gravity  of  native  chloride  of  silver,  as  determined  by 
MoliS,  is  5-5 5*2.     It  may  be  crystatlized  in  octahedrons. 

iiiis  chloride  is  one  of  the  most  insoluble  siibstiinees  known  ; 
according  to  Monnet  it  requires  no  less  than  3072  parts  of 
water  to  dissolve  it.  When  exposed  to  the  air,  it  gradually 
acquires  a  purple  colour*  When  exposed  to  a  heat  of  about 
500**j  it  melts,  imd  assumes,  on  cooling,  the  form  of  a  gray- 


•  Faraday,  Journal  of  Scit-nce,  if,  268.        f  Oehlen's  Journal^  iii.  663. 
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<^i>^  "^  coloured  semitransparent  mass,  haying  some  resemblance  to 
horn,  and  for  that  reason  called  Ittna  carTiea.  A  strong  lieat 
sublimes  it,  as  Margraff  ascertained.*  ^When  heated  strongly 
in  an  earthen  crucible,  it  passes  through  altogether,  and  isk^ 
in  the  fire;  but  when  mixed  with  about  four  times  its  wdglit 
of  fixed  alkali,  formed  into  a  ball  with  a  little  water,  and  mebed 
rapidly  in  a  crucible  well  lined  with  alkali,  the  silver  is  reduced, 
and  obtained  in  a  state  of  purity.  Considerable  cantioD  b 
necessary  in  conducting  this  experiment.  The  easiest  way  of 
obtaining  the  silver  is,  by  boiling  the  chloride  in  an  iron  pot 
with  water  and  pieces  of  iron.  Or  we  may  adopt  the  procesi 
recommended  by  Gay-Lussac,  which  consists  in  putting  tbc 
chloride  into  a  vessel  of  zinc  or  cast-iron,  along  with  a  Ikde 
water.  If  the  vessel  be  clean  the  decomposition  takes  place  of 
itself  in  a  short  time,  with  a  considerable  increase  of  tempen- 
ture.  If  the  zinc  or  iron  be  not  clean  it  may  be  necessary  to 
add  a  little  muriatic  or  sulphuric  add.  These  acids  are  alvs)? 
necessary  to  wash  the  reduced  silver.f 

The  chloride  of  silver  is  soluble  in  ammonia.  The  alkaEse 
carbonates  decompose  it,  but  not  the  pure  alkalies ;  neither  s 
it  decomposed  by  any  of  the  adds.  Several  of  the  meuls 
when  fiised  along  Math  it,  separate  the  silver  in  its  metalEc 
state ;  but  it  is  always  alloyed  with  a  little  of  the  metal  employoL 
Copper,  iron,  lead,  tin,  zinc,  antimony,  and  bismuth,  havebeeB 
used  for  that  purpose4  If  the  solution  of  this  salt  in  ammoim 
be  mixed  with  running  mercury,  the  silver  gradually  separate, 
combines  with  the  mercury,  and  forms  the  crystals  usually  dis- 
tinguished by  the  name  of  arbor  Dum^B.  Margraff  recom- 
mends this  amalgamation  as  the  best  method  of  procuring  puK 
silver.  This  salt  dissolves  in  muriatic  acid,  and  by  that  meaii> 
may  be  obtained  in  octahedral  crystals.  When  the  ammonia- 
cal  solution  of  this  salt  is  heated,  fulminating  silver  is  precipi- 
tated.§  All  substances  containing  hydrogen  have  the  property 
of  remo\dng  the  chlorine,  but  no  other  bodies.^ 

Considerable  pains  have  been  taken  to  ascertain  the  consfr 
tuents  of  this  chloride  correctly,  because  it  is  by  means  of  it 
that  the  different  muriates  are  analyzed.  There  cannot  be  s 
doubt  that  it  is  a  compound  of  1  atom  silver  and  1  atom  clili>* 
rine.     Hence  the  weight  of  constituents  will  depend  upon  tht 

♦  Opusc  i.  265.    Proust  affirms  that  this  sublimation  stops  afier  the  saJJ 
is  in  complete  fusion. 

t  Ann.  dc  Chim.  et  de  Phys.  xiv.  319. 

I  Margrafl;  Opubc.  i.  265.  §  Proust,  Nicholson's  Journal,  xt.  '^ 
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number  fixed  upon  for  tlie  atomic  weigbt  of  silver.    I  coEstdor  ^™"y  'v. 

It  as  11  compound  ot  

1  atom  silver  ,         .  13*75 


1  atom  chlorine 


iile  BerzeliiB  would  make  it 

1  atom  silver 

2  atoms  chloriae 


4-50 

18-25 

ia'51607 
4-42650 


17-94257 

My  number  is  very  nearly  the  mean  between  the  analyses 
of  Dr.  Marcet  and  Ctay-Luasac, 

IV.  When  nitrate  of  silver  is  dropt  into  a  solution  of  a  Bromide. 
hydrobromate  the  bromide  of  silver  falls  down  in  light  yellow 
curds.  When  exposed  to  the  light  it  blackens,  but  not  so 
readily  as  chloride  of  silver.  It  is  insoluble  in  water,  but 
soluble  in  ammonia,  and  insoluble  in  intrieacicL  Boilings  sul- 
phuric acid  disengaj^es  some  vapourn  of  bromiue  from  iL  \\'hen 
heated  it  melts  into  a  reddish  liquid^  which,  on  cooling,  recovers 
its  yellow  colour,  and  assumes  the  appearance  of  horn.  Nascent 
hydro*^en  decomposes  it  as  it  does  chloride.*  From  tlve  ana- 
lysis of  this  bromide,  by  Balard  and  BerzeUus,  there  can  be  no 
doubt  tluit  it  is  composed  of 

1  atom  bromine  .         *  10 

1  atom  silver         .         .         •         ld*75 


23*75 
V,  Tlie  iodide  of  silver  is  easily  obtained  by  dropping  a  iodide, 
hydriodate  into  nitrate  of  silver.  A  greenish  ycUow  curdy 
precipitate  falls,  having  a  good  deal  of  resemblance  to  chloride 
of  silver.  It  melts  at  a  low  red  heat,  and  assumes  a  reddish 
colour.  Wlien  exposed  t4^  light  its  colour  is  altered  more 
rapidly  than  even  tliat  of  clktoride  of  silver.  It  is  insoluble  in 
water,  and  easily  decomposed  when  heated  ^itli  potash.  It  is 
obvious,  from  Berzelius's  analysis,  as  well  as  from  analogy, 
that  this  iodide  is  a  compound  of 

1  atom  iodine  .         .  15*75 

1  atom  silver  .         .  1*3' 75 


29-5 


•  fialArtl ;  Aiiu*  de  Chim.  et  thi  PhyS"  xxxiL  361. 
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Chap.  iiL  y  I.  T^Q  combination  of  silver  with  hydrogen,  azote,  carbon, 
or  boron,  is  known.  When  fused  with  silicon  a  compouiid  ii 
formed,  which  leaves  behind  it  a  considerable  portion  of  silia 
when  dissolved  in  nitric  acid.* 

piuMphtiret.  VII.  Silver  was  first  combined  with  phosphorus  by  Mr.  Pel- 
letier.  If  one  ounce  of  silver,  one  ounce  of  phosphoric  ghn^ 
and  two  drachms  of  charcoal,  be  mixed  together,  and  heated  in 
a  crucible,  phosphuret  of  silver  is  formed.  It  is  of  a  wliite 
colour,  and  appears  granulated,  or  as  it  were  crystallized.  It 
breaks  under  the  hanmier,  but  may  be  cut  with  a  knife.  It  is 
composed  of  4  parts  of  silver  and  1  of  phosphorus.  TVs 
approaches  to 

1  atom  silver  .         .  13-75 

2  atoms  phosphorus  •  4 


17-75 

but  not  very  nearly.     Heat  decomposes  it  by  separating  tk 
phosphorus.t     Pelletier  has  observed  that  silver  in  fusion  i» 
capable  of  combining  with  more  phosphorus  than  solid  silrer; 
for  when  phosphuret  of  silver  is  formed  by  projecting  fksn- 
phorus  into  melted  silver,  after  the  crucible  is  tsdcen  from  tk 
fire,  a  quantity  of  phosphorus  is  emitted  the  moment  the  meiii 
congeals,  j: 
saipiittnc.         VIII.  When  tliin  plates  of  silver  and  sulphur  are  ydaho" 
nately  above  each  other  in  a  crucible,  they  melt  readily  io  a 
low  red  heat,  and  form  stdpkuret  of  silver.      It  is  of  a  black  o^ 
very  deep  violet  colour;  capable  of  being  cut  withakiiife: 
often  crystallized  in  small  needles;   and  much  more  fete 
than  silver.     If  sufficient  heat  be  applied,  the  sulphur  is  sloviy 
volatilized,  and  the  metal  remains  behind  in  a  state  of  purity. 
This  compound  frequently  occurs  native.      It  has  a  dark  gny 
colour,    a   metallic  lustre,  and  the  softness,   flexibility',  ^ 
malleability  of  lead.     Its  specific  gravity  is  about  7*2.    Tbe« 
can  be  no  doubt,  from  the  analysis  of  Vauquelin,  Berzefc 
Wenzel,  and  Khiproth,  that  this  sulphuret  is  a  compound  ot" 
1  atom  sulphur  .  ,  2 

1  atom  silver  .  ,  13-75 


15-75 

It  is  well  known  tliat  when  silver  is  long  exposed  to  theai-'- 

♦  Berzelius  ;  Annals  of  Philosophy  (2d  series),  x.  120. 

t  Pelletier;  Ann.  de  Chiui.  i.  73.  j  Ann.  de  Chim.  xiii-  IH* 
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especially  in  frequented  places,  as  cliiirches,  theatres,  &c.  it   ^"^^^^r  rv. 
acquires  a  coveriiijyr  of  a  violet  colourj  which  deprives  it  of  its        ' 
lujitre   and   oialieability.     Thia  covering,  which  forms  a  thiii 
layer,  can  only  be  detached  from  the  silver  by  bending  it,  or 
breakiiij;^  it  in  pieces  with  a  hammer.     It  was  examined  by 
Mr*  Proust,  and  found  to  be  mlphuret  of  Hilt^r*^ 

IX*  There  is  reason  to  conchide  from  the  experiments  of  ^'*«"**  * 
Ber/eliiis,  tliat  selenium  and  silver  are  capable  of  combining 
in  two  proportions.  When  tlie  two  sab^tances  are  lieated  in 
contact  they  unite  with  the  evolution  of  heat,  and  a  very  fusi- 
ble compound  is  formed,  from  which  the  excess  of  the  sele- 
nium may  he  separated  by  distillation.  This  seleniet  is  gray, 
and  while  in  fusion  its  surface  is  brilliant,  like  a  mirror.  It 
melton  long  before  it  is  heated  to  redness.  It  is  probably  a 
blseleniet.  Part  of  the  selenium  may  be  disengaged  by  heat, 
but  not  the  whole.      It  possesses  some  malleability, 

W'lien  silver  is  precipit^ited  by  selenietted  hydrogen,  it  falls 
in  the  state  of  a  black  pow*der^  which  Ijccomes  dark  gray,  when 
dried.  This  seleniet  requires  a  red  heat  to  fuse  it^  and  does 
not  give  out  any  selenium  when  distilled.  It  is  proljably  a  pro- 
toseleniet  of  silver.f 

X.  Gehlen  found  that  when  equal  parts  of  stiver  and  arsenic  . 
both  in  powder  were  heated  together,  an  alloy  was  formed, 
composed  of  100  silver  and  16  arsenic.  This  approaches  2 
atoms  silver  luid  1  atom  arsenic.  The  alloy  is  steel  gray, 
brittle,  and  fine  granular. 

XL  Silver  may  be  alloyed  with  antimony  by  fusion.     The  ADtimotiw. 
alloy  is  brittle,  and  its  specific  gravity,  asGellert  has  observed, | 
is  greater  than  intermediate  between  the  specific  gravities  of 
the  two  metals  wliich  enter  into  it.     There  exists  native  a  com- 
|H>uud  of 

5  atoms  silver, 
3  atoms  antimony, 
known  by  the  name  of  antimonial  silver  ore.     Its  colour  is  Aiior% 
white,  it  has  the  metallic  lustre,  and  a  specific  gravitj^  of  9-820. 

XII.  Four  parts  of  silver  and  two  of  molybdenum  were 
strongly  heated  in  a  crucible,  but  did  not  yield  a  button.  By 
continuing  the  heat  a  portion  of  the  silver  eliquateil,  still  retain- 
ing a  part  of  the  molybdenum,  and  becoming  bluish  when 

•  Anne  dc  Chim.  u  142, 

f  Berzclius^  Ann»  dc  Chim.  et  de  Phya.  s*  ti^ 

\  MctalUirgic  Chcm.  |i>  I3e. 
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o^v-nh  VI.  No  combination  of  silver  with  hydrogen,  azote,  carbon, 
or  boron,  is  known.  When  fused  with  silicon  a  compound  is 
formed,  which  leaves  behind  it  a  considerable  portion  of  silica 
when  dissolved  in  nitric  acid.* 

Fiiovbnrct  VIL  Silver  was  first  combined  with  phosphorus  by  Mr.  Pel- 
letier.  If  one  ounce  of  silver,  one  ounce  of  phosphoric  glass, 
and  two  drachms  of  charcoal,  be  mixed  together,  and  heated  in 
a  crucible,  phosphuret  of  silver  is  formed.  It  is  of  a  white 
colour,  and  appears  granulated,  or  as  it  were  crystallized.  It 
breaks  under  the  hammer,  but  may  be  cut  with  a  knife.  It  is 
composed  of  4  parts  of  silver  and  1  of  phosphorus.  This 
approaches  to 

1  atom  silver  .         .         13*75 

2  atoms  phosphorus  .  4 


17-75 

but  not  very  nearly.  Heat  decomposes  it  by  separadng  the 
phosphorus.!  Pelletier  has  observed  that  silver  in  fusion  is 
capable  of  combining  with  more  phosphorus  than  solid  silver; 
for  when  phosphuret  of  silver  is  formed  by  projecting  phos- 
phorus into  melted  silver,  after  the  crucible  is  taken  from  the 
fire,  a  quantity  of  phosphorus  is  emitted  the  moment  the  metal 
congeals.^ 
soipiittnc.  VIII.  When  thin  plates  of  silver  and  sulphur  are  laid  alter- 
nately above  each  other  in  a  crucible,  they  melt  readily  in  a 
low  red  heat,  and  form  stdphuret  of  silver.  It  is  of  a  black  or 
very  deep  violet  colour ;  capable  of  being  cut  with  a  knife ; 
often  crystallized  in  small  needles ;  and  much  more  fusible 
than  silver.  If  sufficient  heat  be  applied,  the  sulphur  is  slowly 
volatilized,  and  the  metal  remains  behind  in  a  state  of  purity. 
This  compound  frequently  occurs  native.  It  has  a  dark  gray 
colour,  a  metallic  lustre,  and  the  softness,  flexibility,  and 
malleability  of  lead.  Its  specific  gravity  is  about  7-2.  There 
can  be  no  doubt,  from  the  analysis  of  Vauqueliu,  Berzelius, 
Wenzel,  and  Klaproth,  that  this  sulphuret  is  a  compound  of 
1  atom  sulphur  •         •  2 

1  atom  silver  .         .         13*75 


15-75 

It  is  well  known  that  when  silver  is  long  exposed  to  the  air, 

*  Berzelius ;  Annals  of  Philosophy  (2d  serie8)i  x.  120. 

t  Pelletier :  Ann.  de  Chini.  L  73*  \  Ann.  de  Chim.  xiii.  1 10* 
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especially  in  frequented  pUices,  as  cliurclies,  theatres,  &c,  it 
acquires  a  covering  of  a  violet  colour,  which  deprives  it  of  its 
lustre  and  malleability*  This  covering,  which  forms  a  thin 
layer,  can  only  be  deUicbed  from  the  silver  by  bending"  it,  or 
break in|r  it  in  pieces  with  a  hammer.  It  was  exatnined  by 
Mr.  Proust,  and  found  to  be  sulpkuret  of  mlver*^ 

IX*  There  Is  reason  to  conclude  from  the  experiments  of 
Berzelius,  tliat  selenium  and  silver  are  capabU*  of  cumbiuiug 
in  two  proportions.  When  the  two  substances  are  heated  in 
contact  they  unite  with  the  evolution  of  heat,  and  a  very  fusi- 
ble compound  is  formed,  from  wliich  the  excess  of  tlie  sele- 
nium may  be  separated  by  distilliition*  Tliis  seleniet  is  gray, 
and  while  in  fu^^ion  its  surface  is  brilliant,  like  a  mirror.  It 
melt*  long  before  it  is  heated  to  redness.  It  is  prolrably  a 
biseleuiet.  Part  of  the  selenium  may  be  disengaged  by  heat, 
but  not  the  whole,      It  possesses  some  malleability. 

When  silver  is  precipitated  by  seleniettetl  hydrogen,  it  falls 
in  the  state  of  a  black  powder,  which  becomes  chirk  gniy,  when 
dried.  This  seleniet  requires  a  red  heat  to  fuse  it,  and  does 
not  give  out  any  selenium  wlien  distilled.  It  is  prolmlily  a  pro- 
toseleniet  of  silver. f 

X.  Gihlen  found  that  when  equal  parts  of  silver  and  arsenic 
both  in  powder  were  heated  together,  an  alloy  was  formed, 
composed  of  1 00  silver  and  16  arsenic.  This  approaches  2 
atoms  silver  and  1  atom  arsenic.  The  alloy  b  steel  gray, 
brittle,  and  fine  graimlar, 

XI.  Silver  may  be  alloyed  with  antimony  by  fusion.  The 
alloy  is  brittle,  and  its  specific  gravity,  asGellert  has  observed, J 
is  greater  than  intermediate  between  the  specific  gravities  of 
the  two  metals  which  enter  into  it  There  exists  native  a  com- 
pound of 

5  atoms  silver, 

3  atoms  antimony, 
known  by  the  name  of  antimotnal  silver  ore.  Its  colour  is 
white,  it  has  the  metallic  lustre,  and  a  specific  gravity  of  9-820, 
XIL  Four  parts  of  silver  and  two  of  molylxleimra  were 
strongly  heated  in  a  crucible,  but  did  not  yield  a  buttoa*  By 
continuing  the  heat  a  portion  of  the  silver  eliquated,  still  retain- 
ing a  part  of  the  molybdenum,  and  becoming  bluish  when 


FknJtr  IV. 
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•  Ann*  deChim.  i.  142* 

t  BerstcUus,  Ann.  de  Chiin.  ct  de  Pbys.  %.  «45- 
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ciup.  III.  heated.  The  residuum  being  melted  again  in  charcoal,  became 
more  compact,  was  brittle,  of  a  gray  colour,  and  a  granular 
texture.  When  melted  by  itself  silver  eliquidated.  By  nitric 
acid  the  silver  was  taken  up  from  this  alloy,  and  the  molybde- 
num converted  into  white  oxide. 

XIII.  A  hundred  parts  of  silver  being  mixed  with  50  parts 
of  tungstic  acid  and  a  quantity  of  charcoal,  and  being  heated 
strongly,  formed  a  button  of  a  whitish  brown  colour,  something 
spongy,  which  with  a  few  strokes  of  a  hammer  extended  itself 
easily,  but  on  continuing  them  it  split  in  pieces.  This  button 
weighed  142  grains.  This  alloy  approaches,  though  not  v^ 
nearly, 

2  atoms  silver, 
I  atom  tungsten. 

XIV.  Serullas  did  not  succeed  in  forming  an  alloy  of  silver 
and  potassium  by  heating  together  silver  and  charred  cream  of 
tartar. 

XV.  Silver  and  iron,  according  to  Wallerius,  unite  readily 
by  fusion,  and  when  the  quantity  of  each  is  equal,  the  alloy 
has  the  colour  of  silver,  but  it  is  harder;  it  is  very  ductile,  and 
is  attracted  by  the  magnet*  Morveauf  has  shown,  that  when 
this  alloy  is  kept  in  fusion,  the  metals  separate  from  each  other 
according  to  their  specific  gravity,  forming  two  buttons,  exceed- 
ingly distinct  Neither  of  these,  however,  is  in  a  state  of 
purity.  The  silver  retains  a  little  iron,  which  makes  it  obedi- 
ent to  the  magnet  Coulomb  has  shown,  that  the  proportion 
of  iron  which  remains  in  the  silver  amounts  to  y^u^  P^^' 
The  iron,  on  the  other  hand,  retains  about  ^'^th  of  its  weight 
of  silver :  which  gives  it  an  excessive  hardness  and  compact- 
ness of  structure,  of  which  pure  iron  is  destitute.^  Messrs. 
Stodart  and  Faraday  fused  together  500  parts  of  very  good 
Indian  steel  and  1  part  of  silver,  and  found  the  steel  very  much 
improved  by  the  addition.  They  recommend  it  as  likely  to  be 
very  useful  for  making  articles  of  cutlery  of  very  superior 
quality.§ 

XVI.  Silver  does  not  unite  with  nickel  by  fusion. 

XVII.  When  2  parts  of  cobalt  and  1  of  silver  are  melted 
together,  the  two  metals  are  obtained  separately  after  the  pro- 
cess ;  the  silver  at  the  bottom  of  the  crucible,  and  the  cobalt 
above  it     Each  of  them,  however,  has  absorbed  a  small  por- 

♦  Wasserberg,  i.  156.  f  Jour,  de  I%s.  1788. 

I  Ann.  de  Chim.  xliii.  47.  §  Phil.  Trans.  1822,  p.  256. 
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tion  of  the  other  metal :  for  the  silver  is  brittle  and  dark  col- 
oured, while  the  cobalt  h  wliiter  than  usual.* 

XVIII.  We  are  ignorant  of  the  alloys  of  silver  with  man- 
ganese, cerium^  and  umtiium. 

XIX.  Silver  luiites  to  zinc  with  facility,  and  produces  a 
brittle  alloy  of  a  bluish  white  colour,  and  a  granular  texture. 
Its  specific  grarity,  according  to  Oellerti  is  g^reater  thaii  the 
mean.  When  an  alloy  of  1 1  zinc  anil  1  silver  is  sublimed  in 
open  vessels,  the  whole  of  the  silver  arises  along  with  the 
flowerH  of  zinc-t 

XX.  Bi.smutli  combines  readily  Hith  silver  by  fusion.  Tlie 
alloy  h  brittle;  its  colour  is  nearly  that  of  bismuth;  its  tex- 
ture lamellar;  and  iu  specific  gravity  greater  than  the  mean. 
According"  to  MiLHchenbroeck,  the  specific  gravity  of  an  alloy 
of  equal  parts  bismuth  and  silver  is  10' 7097. J 

XXI.  Melted  lead  dissolves  a  great  portion  of  silver  at 
a  slightly  red-heat.  The  alloy  is  very  brittle  :§  its  colour 
approaches  to  that  of  lead ;  and,  according  to  Kraft^  its  specific 
gravity  is  greater  than  the  mean  density  of  the  two  metals 
united.  The  tenacity  of  silver,  according  to  the  experiments 
of  Muschenbroeck,  is  diminished  by  the  addition  of  lead.  This 
alloy  is  easily  decomposed,  and  the  lead  separated  by  cupellation. 

XXIL  Silver  is  easily  alloyed  with  copper  by  fusion.  The 
compound  is  harder  and  more  sonorous  than  silver,  and  retains 
its  wliite  colour  even  when  the  proportion  of  copper  exceeds 
one-half.  The  hardness  is  a  maximum  when  the  copper  amounts 
to  one-fifth  of  the  silver.  The  standard  or  sterling  silver  of 
Britain,  of  which  coin  is  made,  is  a  compound  of  12 J  silver 
and  one  copper.  Its  specific  gravity  after  simple  fusion  is 
10-200.  II  By  calculation  it  should  be  10-351.  Hence  it  fol- 
lows tliat  the  alloy  expands,  as  is  the  case  with  gold  when 
united  to  copper,  1[  The  specific  gra^dt}^  of  Paris  standard 
silver,  composed  of  137  parts  silver  luid  seven  copper,  according 
to  Brisson,  is  10-1752 ;  but  by  hammering,  it  becomes  tis  high 
as  10*3765.  Tlio  French  silver  coin,  at  least  during  the  old 
government,  was  not  nearly  so  fine,  being  composed  of  201 
parts  of  silver  and  27  of  copper,  or  one  part  of  copper  alloyed 


IV, 
VOL 


160. 


«  Ibid. 


•  Gdlert,  p.  137.  f  Was«crb«^,  i. 

Lewis ;  Xeu  man's  Chem.  p.  57. 

Cmvalla*5  Nat,  Phil.  ii.  7a     Dr.  Shaw  makes  it  10535  after  haitimcr- 
"Tng,  as  it  appears  from  his  tabic.     Shaw's  Boyle,  ii.  345. 

t  I  find  the  spcciacgranty  of  our  new  silver  (1817)  10-3121.  The  weight 
of  a  shilling  is  87*55  grains. 
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c=i»p>  "^  witU  9f  of  silver.  Its  specific  gravity,  according  to  BrisMm, 
was  1 0*0476 ;  but  after  being  coined,  it  became  as  high  ai 
10'4077.  The  Austrian  silver  coin,  according  to  Waaserbei^ 
contains  ^^/^  of  copper.*  The  silver  coin  of  the  ancients  wm 
nearly  pure,  and  appears  not  to  have  been  mixed  with  allojr. 
This  seems  to  be  the  case  also  witl^  the  coins  of  the  Blast  India; 
at  least  a  rupee  which  I  analyzed  contained  only  ^^  psrtrf 
copper ;  a  proportion  so  small  that  it  can  scarcely  be  supposed 
to  have  been  added  on  purpose.  A  poimd  of  standard  olver 
is  coined  into  62  shillings. 

XXIII.  The  alloy  of  silver  and  tin  is  very  brittle  and  hari 
It  was  examined  by  Kraft  and  Muschenbroeck.  Accordio; 
to  them,  one  part  of  tin  and  four  of  silver  form  a  compound 
as  hard  as  bronze.    The  addition  of  more  tin  softens  the  alloy. 

«  It  has  a  granular  appearance,  and  is  easily  oxidized.     Accord- 

ing to  Gellert,  these  metals  contract  in  uniting.t  Mr.  Hatdiet 
found  that  silver  made  standard  by  tin  was  brittle,  and  did  ooc 
ring  well4 

XXIV.  Tlie  amalgam  of  silver  is  easily  formed  by  throwing 
pieces  of  red  hot  silver  into  mercury  heated  till  it  begins  to 
smoke.  It  forms  dendritical  crystals,  which,  according  totiie 
Dijon  academicians,  contain  eight  parts  of  mercury  and  one  of 
silver.     It  is  of  a  white  colour,  and  is  always  of  a  soft  consist- 


*  Wasserberg,  i.  155.    The  following  table  exhibits  the  compositioe  of 
difiereut  European  coins,  according  to  my  experiments. 

Alloy  per 
cent 
British  .  .  7'5 

Dutch  .  .  8 

French  .  .  9 

Austrian         .  .  9*5  . 

Sardinian        .  .  95 

Spanish    .     .  |;;:j     • 

Portuguese    .  .11 

Danish  .  .12 

Swiss  .  .21 

Russian  .  .         24 

Hamburgh     .  .         50 

The  first  column  of  this  table  gives  the  supposed  proportion  of  allot  if 
100  parts  of  the  respective  coin  ;  the  second  gives  the  weight  of  silver  cac 
tained  in  each  coin,  on  the  supposition  that  the  weight  of  the  copper  vtJt 
which  the  silver  is  alloyed  is  always  1.  Nicholson's  Jour.  xiv.  409.  Tbe 
reader  will  find  the  analysis  of  a  number  of  ancient  Roman  silver  coiDSB 
the  Ann.  de  Chim.  et  de  Phys.  xxxii.  320. 
t  Metallurgic  Chem.  p.  140.  J  On  the  Alloys  of  Gold,  p. » 


Weight  of  ulTcr.  Uuc  d 
the  copper  brii«  L 
12-5 
11-5 
101 

9-5 

9-5 

8-5 

55 

8 

7-3 

3-8 

3-6 

1 
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ence.     Its  specific  gravih'*  is  greater  tlian  the  mean  of  the  two  ^■'""y  ^* 

metals-     Gellert  ha-*  even  remark eti,  that  when  thrown  into  ^ 1, 

pure  mercury,  it  sinks  to  tlie  bottom  of  that  liquid,*  When 
heated  sufficiently,  the  mercury  is  volatilized,  and  the  silver 
remains  behind  pure^  lliis  amalg^mi  h  sometimes  employed, 
like  that  of  gold,  to  cover  the  surfaces  of  the  inferior  metak 
with  a  tliin  coat  of  silver.  Two  different  amalgams  of  silver 
have  been  found  native ;  but  they  are  both  exceedingly  rare 
minerals.  One  of  these  native  amaigmns^  as  they  are  called, 
h  composed  of 

1  atom  silver  .         *  13-75 

2  atoms  mercury       «         •         25 


~  AnJ  «>k 


and  the  otlier  of 
I  i  atom  silver 

I  3  atoms  mercury 


98-75 

13-75 
37-5 

51-25 


The  affinity'  bet\i'een  silver  and  mercury  Is  very  considerable. 


FAMILY  V.     NOBLE  BASES. 

T  have  given  this  name  for  want  of  a  better  to  gold,  platinum, 
and  four  metals  whirh  usually  accompany  platinum  in  those 
parts  of  the  earth  where  it  is  found.  They  possess  so  many 
common  properties  that  it  is  most  convenient  to  consider  tiiem 
together.  The  oxides  of  these  metals  are  easily  reduced  to  the 
metallic  state  by  heat,  if  we  except  the  oxide  of  osmium,  which 
is  too  volatile  to  bear  tlie  application  of  heat  The  greater 
number  of  them  skow  but  little  inclination  to  imite  with  acids 
or  to  form  salts. 


SECTIOH  L OF  GOLD* 

Gold  seems  to  have  been  known  from  the  very  beginning  of 
the  world.  Its  properties  and  its  scarcity  have  rendered  it 
more  valuable  than  any  other  metal«f 

•  Oellert^s  Metallurgic  Chemistry,  142. 

t  The  fullest  treatise  on  gold  hitherto  published  is  that  hy  Dr.  Lewis  in 
his  I^hilosophical  Cominerce  of  ihe  Arts.  The  account  of  gold  in  Wasscr- 
l3erg*fi  Insiitutbnej*  ChembE,  vol  i.  is,  a  great  part  of  it  at  least,  nearly  a 
tnnalation  of  Dr.  Lewis ;  but  it  contains  likewise  several  discoveries  of  pos- 
terior dale,  chiefly  made  by  Bergman'    Mr.  Hatchett's  Experiments  and  Ob- 


k 


640  SIMPLE  ALKALIFIABLE  BASES. 

o»«P."i«  It  is  of  an  orange-red,  or  reddish-yellow  colour,  and  bas  no 
Propeitiei.  perceptible  taste  or  smelL  Its  lustre  is  considerable,  yieUinf^ 
only  to  that  of  platinum,  steel,  silver,  and  mercury.  It  is  radwr 
softer  than  silver.  Its  specific  gravity  is  19-3b*  No  other 
substance  is  equal  to  it  in  ductility  and  malleability.  It  WKf 
be  beaten  out  into  leaves  so  thin,  that  one  grain  of  g<dd  wffl 
cover  56J  square  inches.  These  leaves  are  only  T^/^nrv  ^•^ 
inch  thick.  But  the  gold  leaf  with  which  silver  wire  is  oomcd 
has  only  y'^  ^^  ^^^  thickness.  An  ounce  of  gold  upon  siber 
wire  is  capable  of  being  extended  more  than  1300  miks  h 
length.^ 

Its  tenacity  is  considerable ;  though  in  this  respect  it  yiebb 
to  iron,  copper,  platinum,  and  silver.  From  the  experimenti 
of  Sickingen,  it  appears  that  a  gold  wire  0*078  inch  in  diame- 
ter is  capable  of  supporting  a  weight  of  150-07  lbs.  avoiidopois, 
without  breaking.^ 

It  melts  at  32°  of  Wedgewood's  pyrometer,§  or  at  2590* 
Fahrenheit,  according  to  Davies.  When  melted,  it  assumes  a 
bright  bluish-green  colour.  It  expands  in  the  act  of  fusion,  ani 
consequently  contracts  while  becoming  solid  more  than  iDO§t 
metals ;  a  circumstance  which  renders  it  less  proper  for  casdng 
into  moulds.  II  It  requires  a  very  violent  heat  to  volatilize  h; 
it  is  therefore,  to  use  a  chemical  term,  exceedingly /idl 
Gasto  Claveus  informs  us  that  he  put  an  ounce  of  pure  gold  is 

senrations  on  the  Alloys,  Specific  Gravity,  and  Comparative  Wear  of  GoU, 
published  in  the  Phil.  Trans,  for  1803,  are  of  the  utmost  importance,  oe 
account  of  the  care  with  which  they  were  made,  and  the  many  mistakeo 
notions  which  they  have  enabled  us  to  rectify.  Proust  published  a  ?aluiUt 
paper  on  gold  in  the  Journal  de  Physique.  It  was  afterwards  examioedliy 
Vauquelin  (Ann.  de  Chim.  Ixxvii.  321);  Oberkamp,  (Ibid.  Ixxx.  140); 
Bcrzelius,  (Ibid.  Ixxxiii.  166);  Pelletier  and  Laval. 

*  The  specific  gravity  of  gold  varies  somewhat  according  to  its  state, tktf 
being  heaviest  which  has  been  hammered  or  rolled.  I>r.  Lewis  informs  n 
that  he  found,  on  many  different  trials,  the  specific  gravity  of  pure  gold,  vd 
hammered,  between  19*300  and  19*400.  The  specific  gravity  of  one  ms 
which  he  specifies  was  19-376,  (Philosophical  Conimerce  of  the  Arts,  p.  411. 
Brisson  found  the  specific  gravity  of  another  specimen  of  fine  gold,  li»>- 
mered,  1 9*36 1 .  Mr.  Hatchett  tried  gold  of  23  carats  3}  grains,  (or  goldcoe- 
taining  l-96th  of  alloy);  its  specific  gravity  was  19*277. 

t  See  Shaw's  Boyle,  i.  404,  and  Lewis's  Phil.  Commerce  of  the  Arts, 
p.  44. 

\  Ann.  de  Chim.  xxv.  9. 

§  According  to  the  calculation  of  the  Bijon  academicians,  it  rodts  t 
1298*'  Fahrenheit;  according  to  Mortimer,  at  1301«  . 

U  Lewis's  Philosophical  Commerce,  p.  67. 
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an  earthen  vessel,  into  that  part  of  a  ^lass-Iiouse  furnace  where 
the  glass  is  kept  constantly  melted,  and  ke|)t  it  in  a  state  of 
fusion  for  two  months,  yet  it  did  not  lose  the  ^niailest  portion 
of  its  weight.*  Kuukel  relates  a  similar  experiment  attended 
with  the  same  result  ;f  neither  did  goW  lose  any  perceptil>le 
weight,  after  being  exposed  for  some  hours  to  the  utmost  heat 
of  Mn  Parker's  lens.}  Homberg,  however,  observefl,  that 
when  a  very  small  portion  of  gohl  is  ke[it  in  a  violent  heat,  part 
of  it  is  volatilized, §  This  observation  was  confirmed  by  Mac- 
quer,  who  observed  the  metal  rising  in  fumes  to  the  lieiglit  of 
five  or  six  inches,  and  attaching  itself  to  a  phite  of  silver,  which 
it  gihled  very  sensibly 4 1|  and  Mr.  Lavoisier  observcil  the  very 
game  thing  when  a  piece  of  silver  was  held  over  gold  melted 
by  a  fire  blown  by  oxygen  gas,  which  produces  a  much  greater 
heat  than  common  air.i[  After  fusion,  it  is  capable  of  assuming 
a  crystalline  form.  Tillet  and  Mongez  obtained  it  in  short 
quadrangular  pynimidal  crystals.  Gold  is  not  in  the  least 
altered  by  being  kept  exposed  to  the  air;  it  does  not  even  lose 
its  lustre.     Neither  has  whaler  the  smallest  action  upon  it- 

IL  It  is  capable^  however,  of  combining  with  oxygen,  and 
even  of  undergoing  combustion  in  jiarticular  circumstances, 
Tlie  resulting  compound  is  an  oxide  of  gold.  Gold  must  be 
raised  to  a  very  high  temperature  before  it  is  capable  of  abstract- 
ing oxygen  from  common  air.  It  may  be  kept  red-hot  almost 
any  lenglli  of  time  without  any  such  change.  Homberg»  how- 
ever, observed,  that  when  placed  in  the  focu§  of  Tseliirnhaus*s 
burning-glass,  a  little  of  it  was  converted  into  a  purple-coloured 
oxide ;  and  the  truth  of  Ids  obser\'ations  was  confirmed  by  the 
subsequent  experiments  of  Macquer  with  the  very  same  burn- 
ing-glass** •  But  the  portion  of  oxide  formed  in  these  trials  is 
too  small  to  admit  of  being  examined.  Electricity  furnbhes  a 
method  of  oxidizing  it  in  greater  quantity. 

If  a  narrow  slip  of  gold  leaf  be  put,  with  both  ends  hanging 
out  a  little,  between  two  glass  plates  tied  together,  and  a  strong 
electrical  explosion  be  passed  through  it^  the  gold  leaf  Ls  miss- 
ing in  several  places,  and  the  glass  is  tinged  of  a  purple  colour 


FamUy  V. 
Sed  I, 


(HIdflt. 


•  **  Net  nrinimum  de  pondere  decidisse  conspexi."  Ga^stonis  Clavd  Apo- 
logia Argyropociie  eC  Chry  5ot)oea^  ad  versus  Thoumm  ErEstuni^  Theatrum 
Cfaemicum,  ii*  17. 

f  Lewis,  Philosophical  Ck^mmerce,  p,  70. 

\  KirwBii'ii  Mineralogy,  i.  92.  5  Mem,  Vox.  1702,  p.  U7, 

I  Dictionnaire  de  Chiinie^  ii,  148.  \  Kirwaii*8  Mio.  ii.  9!2« 

♦•  Diet-  ii.  153. 

!•  2  T 
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ciMp.  III.    by  the  portion  of  the  metal  which  has  been  osddized.     This 
curious  experiment  was  first  made  by  Dr,  Franklin  ;•  it  wai 
confirmed  in  1773  by  Camus.    The  reality  of  the  oxidizement 
of  gold  by  electricity  was  disputed  by  some  philosophers,  but 
it  has  been  put  beyond  the  reach  of  doubt  by  the  experimenti 
of  Van  Marum.'    When  he  made  electric    sparks   from  tk 
powerful  Teylerian  machine  pass  through  a  gold  wire  suspended 
in  the  air,  it  took  fire,  burnt  with  a  green-coloured  flame,  and 
was  completely  dissipated  in  fumes,  which,  when  coUeeted, 
proved  to  be  a  purple  coloured  oxide  of  gold.      This  oombus- 
tion,  according  to  Van  Marum,  succeeded  not  only  in  coauMO 
air,  but  also  when  the  wire  was  suspended  in  hydrogen  gas* 
and  other  gases  which  are  not  capable  of  supporting  combus- 
tion.    The  combustion  of  gold  is  now  easily  effected  by  expos- 
ing gold-leaf  to  the  action  of  the  galvanic  battery.    I  bare 
made  it  burn  with  great  brilliancy,  and  a  green-coloured  flame, 
by  exposing  a  gold  wire  to  the  action  of  a  stream  of  oxygm 
and  hydrogen  gas  mixed  together  and  burning.     Now,  in  ai! 
cases  of  combustion,  the  gold  is  oxidized.     ^Ve  are  acquainted 
only  with  two  oxides  of  gold.     The  protoxide  has  a  grm 
colour,  the  peroxide  is  reddishrbrowfu 

1.  Of  these  the  peroxide  is  most  easily  procured ;  it  is,  tkce- 
fore,  best  known.  It  may  be  procured  in  the  following  nan- 
ner :  1  part  of  nitric  and  4  of  muriatic  acid  are  mixed  together, 
and  poured  upon  gold :  an  eifervescence  takes  place,  the  goU 
is  gradually  dissolved,  and  the  liquid  assumes  a  yellow  colons- 
Let  this  solution  be  rendered  as  neutral  as  possible  by  caa- 
tiously  evaporating  it  to  dryness  and  re-dissolving  it  in  watrf- 
Into  the  solution  pour  a  quantity  of  potash,  and  then  heat  lif 
liquid.  A  voluminous  precipitate  gradually  appears.  It  ws^- 
be  carefully  washed  with  water  and  dried.  Pelletier  assure* 
us  that  when  the  oxide  is  made  in  this  way  it  is  never  fm  froff 
potash,  fie  recommends  the  following  process  as  >neUis: 
pure  oxide  :  To  the  neutral  solution  of  gold  in  aqua  regis,  a^ 
caustic  magnesia  till  there  be  a  small  excess  of  it.  A  precox 
tate  falls  consisting  of  the  oxide  of  gold  united  to  magnei 
and  a  small  portion  of  the  gold  still  remains  in  solution.  ^^^ 
the  precipitate  thoroughly,  then  digest  it  in  nitric  acid,  wkxi 
will  dissolve  the  magnesia,  together  with  a  small  portion  oitt 
gold,  and  leave  the  oxide  of  gold  in  a  state  of  puritv.  If^ 
nitric  acid  used  was  dilute,  we  obtain  the  gold  in  the  state  i^' 

*  Lewis's  Philosoph.  Commerce,  p.  175.  This  work  was  published  io^'^ 
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light  yellow  oxide,  or  rather  hydrate ;  but  if  the  acid  wa8  eoii- 
cenlratcdj  tlie  oxide  is  black  or  diirk  brown,  and  anhydrous. . 
When  the  hydnited  oxide  \a  exposed  to  a  lieat  of  *212°  it  loses 
its  water,  and  k  partly  reduced  to  the  nu'tallie  state.  If  dissolves 
completely  in  muriatic  acid,  jyid  the  solution  has  a  fine  yellow 
colour.  At  an  incipient  red  heat,  it  is  completely  reduced  to 
the  metallic  state. 

I  have  shown  that  when  25  jrraius  of  gold  arc  dissolved  in 
nitromuriatic  acid,  and  the  solution  rendered  as  neutral  as  pos- 
sible, if  wo  add  to  the  solution  27  grains  of  protoxide  of  iroii^ 
the  whole  gold  Is  thrown  down  in  the  metallic  state,  and  the 
protoxide  of  iron  is  converted  into  peroxide,  and  therefore  lias 
combined  with  .*)  of  oxygen.*  It  follows  from  this  tliat  the 
yellow  oxide  of  gold  is  a  compound  of 

Gold  .         .         25 

Oxygen  .         •  3 


28 
Now  as  3  denoting  tlie  quantity  of  oxygen  is  a  whole  number,  it 
is  clear  that  25  or  some  multiple  or  subroultiple  of  it  is  the  atomic 
weight  of  gold.  To  (Escover  what  the  true  number  is,  we  may 
have  recoiu^e  to  the  law  discovered  by  Dulong  and  Petit, 
namely,  that  the  atomic  weight  of  a  body  is  obtained  when  we 
divide  the  number  0-376  by  tlie  specific  heat  of  that  body.  The 

specific  gravity  of  gold  is  0*03,  and  _1__  =  12*53,     It  is  evi-  weight. 

dent  from  this  that  the  atom  of  gold  is  12'5,     Consequently 
the  oxide  of  gold  is  a  compound  of 

l^  atom  oxygen         .  •         1*5 

1    atom  gold               ,  .       12-5 


r 


14 


and  its  atomic  weight  is  14. 

2,  When  the  chloride  of  gold  is  heated  till  it  ceases  togiTe 
out  chlorine  gas,  a  stniw-yellow  mass  remains,  which  is  insolu- 
ble in  cold  water.  When  tliis  sul)stance  is  treated  with  caustic 
potash  a  green-coloured  powder  is  sejmrated,  which  is  sttboxide 
oftjold.  In  a  short  time  this  oxide  dindes  itself  into  two  parts. 
One-third  deprives  the  other  two-thirds  of  the  whole  of  their 
oxygen  and  becomes  peroxide,  while  the  two-thirds  are  reduced 
to  the  metallic  state.f     From  thb  it  is  obvious  that  the  sub- 


•  Edin.  Phil.  Trims,  ii.  26.      f  Bcrzelias,  Ann.  de  Chini.  Iixxiij.  166, 
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^^'''P-"''  oxide  of  gold  contains  only  one-third  of  the  oxygen  which  exists 
in  the  peroxide.     It  is  therefore  a  compound  of 

1  atom  oxygen  .         .  1 

2  atoms  gold  .        •        25 

26 
This  suboxide  does  not  seem  capable  of  uniting  either  with 
acids  or  bases. 

3.  It  has  been  supposed  that  the  oxide  of  gold  formed  by 
electricity  or  by  the  combustion  of  gold,  is  intermediate  between 
the  suboxide  and  peroxide.  K  this  opinion  be  well  founded, 
the  purple  oxide  must  be  a  compound  of 

1  atom  oxygen  •         •         1 

1  atom  gold  •        •         12*5 

13-5 
But  no  satisfactory  evidence  has  been  adduced  to  prove  the 
truth  of  this  opinion. 

It  has  been  supposed  that  the  beautiful  colour  of  the  purple 
of  Cassius  is  owing  to  the  presence  of  this  oxide.  But  the 
observations  of  Proust,  together  with  those  of  Marcadieu,* 
seem  to  leave  no  doubt  that  the  gold  in  this  beautiful  powder 
is  in  the  metallic  state.  Purple  of  Cassius  is  obtiedned  by 
dropping  a  solution  of  gold  into  a  solution  containing  both  the 
oxides  of  tin.  When  dropt  into  a  solution  of  protomuriate  of 
tin,  it  is  a  dark  brown  without  any  beauty.  We  must  have 
both  oxides  in  the  solution  to  ensure  the  fine  purple  of 
Cassius. 
eWorld*.  in.  When  gold-leaf  is  exposed  to  the  action  of  chlorine 

gas,  a  combination  takes  place ;  but  the  gold  does  not  bum. 
When  gold  is  dissolved  in  aqua  regia,  and  the  solution  suffi- 
ciently concentrated  by  evaporation,  beautiful  ruby  red  crystals 
shoot ;  but  they  are  so  deliquescent  that  it  is  very  di£Bcult  to 
preserve  them.  The  taste  is  astringent  and  very  disagreeable, 
and  it  acts  when  taken  internally  as  a  virulent  poison.  These 
crystals  (abstracting  the  water)  are  composed,  according  to  the 
analysis  of  Berzelius,  of 

1^  atom  chlorine         .         .  6*75 

1     atom  gold  .         .         12*5 


19-25 

*  Ann.  de  Chim.  etde  Phys.  xzziv.  147. 
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1.  When  the  solution  of  gold  in  aqua  regia  is  cautiously    ^^^^' 

evaporated  till  the  colour  becomes  brown,  it  becomes  a  solid — - 

mass  on  cooling,  and  a  portion  of  the  gold  is  disengaged  from 

it8  eombinatioti.     By  this  evaporation  the  gold  is  converted 
into  a  chloride  composed  of 

1  atom  chlorine  .         .  4'5 

1  atom  gold  .         .         12-5 

17-0 
as  I  ascertained  by  a  very  carefully  conducted  analysis.* 

2.  Ber^elius  informs  us  that  when  the  crystals  of  sesquichlo- 
ride  of  gold  are  fused  and  sufficiently  heated,  they  may  be  con» 
verted  into  a  subchloride  of  gold,  composed  of 

1  atom  chlorine  .         .  4*5 

2  atoms  gold  •         .         25 

29-5 
I  did  not  succeed  In  obtaining  this  subchloride ;  but  from  the 
analog)''  of  the  suboxide  its  existence  is  very  probable, 

The  sesquichlorkle  of  gold  passesses  tlie  chnnicters  of  an 
acid.  Those  salts  which  have  been  described  under  the  names 
of  double  chlorides  of  gold,  are  in  reality  salts  in  which  the 
«e«quichloride  of  gold  act«  the  part  of  an  acid,  and  the  other 
cliloride  that  of  a  base.  These  chlorine  salts  will  come  under 
our  review  in  a  subsequent  part  of  tliis  work, 

IV*  Bromine  and  its  aqueous  solution  are  capable  of  dissolv- 
ing gold.  By  this  means  a  yellow  bromide  is  obtained  which 
stains  animal  bodies  pyrple,  as  is  the  case  with  the  chlorides  of 
this  metaL   Heat  decomposes  it  into  bromine  and  metallic  gold.f 

V,  Iodide  of  gold  may  be  obtained  by  mixing  together  lorfw^ 
cliloride  of  gold  and  hydriodate  of  potash,  taking  care  to  heat 
the  liquid  in  order  to  drive  off  the  excess  of  iodine  which  pre- 
cipitates with  the  iodide  of  gold.  This  iodiide  h  insoluble  in 
cold  water,  and  but  little  soluble  in  boiling  water.  Muriatic^ 
nitric,  and  sulphuric  acids^  do  not  decompose  it  cold,  but  when 
it  is  boiled  in  these  acids  ia  a  concentrated  state,  the  gold  is 

•  Edin.  Phil.  Trans,  ii.  27,  Professor  Beraelius  and  Mr.  Jolinstooc 
have  thought  prapcr  to  call  in  question  the  accuracy  of  this  analysis 
in  no  very  measured  terms ;  because  ihey  analyzed  the  teiqukkloride  of  gold, 
and  ohtained  ^  diiferent  result.  1  have  only  to  mention  that  both  of  ihcMC 
chlorides  exist,  as  I  have  ascertained  by  actual  experiment.  Nuthini^  can 
be  conceived  more  illogical  than  to  infer  that  an  analysis  of  a  salt  is  wrong, 
because  the  snalytiis  of  a  diAcrent  salt  doea  not  agree  with  iw  J 

f  Balard^  Ann,  de  Cbim.  et  de  Ph^s.  xxxii.  36^.  I 
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cha^  m.  reduced  and  the  iodine  disen^gaged.  Heat  decomposes  it  at  a  tem- 
peiature  not  higher  than  80GP.  Alkaline  solutions  decompose  it 
immediately.  With  potash  we  o1>tain  iodate  and  hydriodat^ 
of  potash,  and  the  gold  remains  in  the  state  of  a  yellow  powder. 
According  to  the  analysis  of  M.  Pelletier,  the  discoverer  of 
iodide  of  gold,  and  to  whom  we  are  indebted  for  all  the  frets 
which  I  have  stated  respecting  it,  this  iodide  is  a  compound  of 
34  of  iodine  and  66  of  gold.  This,  if  we  make  allowance  for 
a  little  water,  which  in  all  probability  the  iodine  still  retained, 
is  equivalent  to 

1  atom  iodine         .         .         15*75 
3  atoms  gold  .         .         37*5 


53-25» 

Neither  the  oxides  nor  chlorides  of  gold  have  exhibited  any 
compound  analogous  to  this  which  is  a  trisiodide. 

VI.  Nothing  is  known  respecting  the  compounds  which  gold 
may  be  capable  of  forming  with  hydrogen,  azote,  carbon,  boron, 
or  silicon. 

FhoqiiitiTCt.  VII.  Margraff  failed  in  his  attempts  to  unite  gold  with  phos- 
phorus ;f  but  Pelletier  was  fortunate  enough  to  succeed  by 
melting  together  in  a  crucible  half  an  ounce  of  gold  and  an 
ounce  of  phosphoric  glass,  j:  surrounded  with  charcoal.  The 
phosphuret  of  gold  thus  produced  was  brittle,  whiter  than  gold, 
and  had  a  crystallized  appearance.  It  was  composed  of  23  parts 
of  gold  and  one  of  phosphorus,§  or  of  1  atom  phosphorus  and  4 
atoms  gold.  He  formed  the  same  compound  by  dropping  small 
pieces  of  phosphorus  into  gold  in  fusion.  ||  By  the  application  of  a 
sufficient  heat,  the  phosphorus  is  dissipated  and  the  gold  remains. 
Oberkampf  formed  phosphuret  of  gold  by  precipitating  chloride 
of  gold  by  means  of  water  impregnated  with  phosphuretted 
hydrogen  gas. 

suiphuret  VIII.  Sulphur,  even  when  assisted  by  heat,  has  no  action  on 
gold  whatever ;  nor  is  it  ever  found  naturally  combined  with 
sulphur,  as  is  the  case  with  most  of  the  other  metals ;  yet  it 
can  scarcely  be  doubted  that  sulphur  exercises  some  action  on 
gold,  though  but  a  small  one ;  for  when  an  alkaline  hydro-std- 
phuret%  is  dropped  into  a  solution  of  gold,  a  black  powder  falls 

•  Ann.  de  Chim.  et  de  Phys.  xv.  116.  f  Opusc  i.  2. 

t  Phosphoric  acid  evaporated  to  dryness,  and  then  fused. 
§  Ann.  de  Chim.  i.  71.  U  Ibid.  xiii.  lOi. 

^  By  this  is  understood  a  combination  of  sulphuretted  hydrogen  and  an 
alkali. 
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to  llie  brtttom,  which  is  f0imd  to  consist  of  ^old  and  sulphur;  P*™u3r  v, 
and  when  pota^ilu  sulphur,  and  gold,  are  heated  together,  and  ^_^.^__ 
the  mixture  boiled  in  water,  a  eondderable  portion  of  gold  is 
dissivlved,  as  Stahl  first  discovered.  Three  parts  of  sulphur, 
an<i  three  of  potitsh,  are  sufGcient  to  dLssolve  one  of  gold.  The 
solution  ha-*  a  yellow  colour.  When  aii  acid  is  dropped  into 
it,  the  ^old  falk  down,  united  to  the  sulplnir  in  the  Ktate  of  a 
reddish  powder,  which  becomes  gra^liially  black,'  Tlie  eom- 
position  of  thin  sulphuret  has  been  investigated  by  liucholzf 
and  t>berkainpf4  The  following  are  the  results  which  they 
obtained : 

Gold  .  ,  100  .         ,  100 

Sulphur  .  ,  21*95  .  .  24%39 

If  we  coiLsider  Oherkainiifs  analysis  as  correct,  this  compound 
coUiiiBtja  of 

1^  atom  sulphur         .         «  S 

1    atom  gold  .  .  12' 5 

15*5 

It  is  therefore  analogous  to  the  common  oxide  and  cbloride  of 
gold. 

IX.  lliere  appears  to  be  a  strong  affinity  between  gold  and  Anmi*. 
arsenic ;  but  in  consequence  of  the  great  volatility  of  the  hitter 
metiiU  it  is  difficult  to  unite  them  by  fusion.  Bergman  suo 
eeeiled  in  making  gold  take  up  r^j^th  of  its  weight  of  arsenic.J 
Mr.  Ilatehett  added  45;J  grains  of  arsenic  to  5307  grains  of 
melted  gold,  and,  stirring  the  whole  rapidly  M^th  an  iron  ro*!, 
poured  the  mixture  into  an  iron  mould.  Only  six  grains  of 
the  arsenic  were  retained ;  so  that  the  alloy  contained  only 
g^jth  of  arsenic.  It  had  tlie  colour  of  fine  gold;  and  though 
brittle,  yet  it  bent  in  some  metisure  before  it  broke.  When 
once  uitited  to  gold,  arsenic  is  not  etLsily  expelled  by  heat.  Mr. 
Hatchett  discovered  that  gold  readily  imbibes,  and  combines 
with,  arHcnic,  when  heated  to  redness.  A  plate  of  gold  was 
exposed  red-hot  to  the  fumes  of  arsenic  by  suspending  it  near 
the  top  of  a  dome,  made  by  luting  one  crucible  inverted  over 
another.  In  the  lower  crucible  some  arsenic  was  put,  and  the 
whole  exposed  to  a  common  fire  for  alK>ut  15  miimtes.  The 
arsenic  had  acted  on  the  gold,  and  combined  widi  its  surface* 


•  8tiihl*«  bpuic.  Ch>m.-Ph)«-Med  p.  606.  t  Beitrage,  iU.  171. 

X  Ann.  de  Chim.  Ixxx.  ]44w  $  Opuac,  ii,  SSL 
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-  "!>    The  alloy  being  very  fusible  had  dropped  off  as  it  formed,  leav- 
~  ing  the  gold  thinner,  but  quite  smooth.     The  alloy  of  gold  and 
arsenic  formed  a  button  in  the  undermost  crucible.     This  but- 
ton had  a  gray  colour,  and  was  extremely  brittle.* 

X.  Antimony  and  gold  may  be  combined  by  fusion,  and  form 
a  brittle  compound  of  a  yellow  colour.  Great  attention  was 
paid  to  this  alloy  by  the  alchymists,  who  affirmed,  that  the  quan- 
tity of  gold  might  be  increased  by  alloying  it  with  antimony 
and  then  purifying  itf 

Gold  made  standard  by  antimony,  in  Mr.  Hatchett's  expe- 
riments, was  of  a  dull  pale  colour,  not  unlike  tutenag.  It 
was  exceedingly  brittle,  and  in  the  fracture  was  of  an  ash- 
colour,  with  a  fine  close  grain,  not  unlike  that  of  pprcelain. 
Its  specific  g^vity  was  16*929.  The  bulk  of  the  two  metals 
before  fusion  being  1000,  after  fusion  it  was  987.  Hence  they 
suffer  a  considerable  contraction.  A  very  small  proportion  of 
antimony  destroys  the  ductility  of  gold :  the  alloy  was  perfectly 
brittle  when  the  antimony  did  not  exceed  y^^xr  P^^  ^^  ^^ 
mass.  Even  the  fumes  of  antimony  in  the  neighbourhood  of 
melted  gold,  are  sufficient  to  destroy  its  ductility  .J 
ADoyi>itb  XL  Potassium  and  sodium  may  readily  be  combined  with 
gold  by  heat,  as  Davy  ascertained.  The  alloys  are  destroyed 
in  the  open  air,  or  when  put  into  water. 

XII.  We  are  not  acquainted  with  the  action  of  gold  on  the 
metallic  bases  of  the  alkaline  earths  or  earths  proper. 
Iron.  XIII.  Iron  unites  very  readily  with  gold  by  fusion  in  all  its 

states  of  soft  iron,  cast-iron,  and  steel.  The  alloy  was  examined 
by  Mr.  Hatchett,  who  found  it  remarkably  ductile  when  com- 
posed of  1 1  gold  and  1  iron.  It  was  easily  rolled  into  plates, 
cut  into  blocks,  and  stamped  into  coin,  without  its  being  neces- 
sary to  anneal  it.  The  colour  was  a  pale  yellowish  grayapproach- 
ing  to  a  dull  white ;  its  specific  g^vity  was  16-885.  The  bulk 
of  the  metals  before  fusion  was  2799 ;  after  their  union  the  bulk 
was  2843.  Hence  they  suffer  an  expansion,  as  had  been  pre- 
viously noticed  by  Gellert.  Suppose  the  bulk  before  union  to 
have  been  1000,  after  union  it  becomes  1014'7.§  This  alloy 
is  harder  than  gold.  Dr.  Lewis  even  says  that  it  is  fit  for  making 
edge-tools ;  but  in  that  case  the  proportion  of  iron  was  doubt- 

•  On  the  Alloys  of  Gold,  p.  7. 

f  This  made  them  give  antimony  the  name  of  balneum  regale.  The  cause 
of  their  mistake  is  obvious ;  they  did  not  separate  the  whole  of  the  antimony 
firom  the  gold ;  hence  the  increase  of  weight. 

t  Hatchett  on  the  Alloys  of  Gold,  p.  13.  $  Ibid.  p.  37. 
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less  increased*  Mlien  the  iron  is  tliree  or  four  times  the  quan* 
tity  of  gold,  the  alloy,  according  to  Dr.  Lewis,  has  the  colour 
of  silver  :•  according  ta  WalleriuH  it  still  continued  magnetic.f 
Gold  answers  well  as  a  solder  for  iron. 

XIV,  Mr,  Hatcliett  melted  a  mbcture  of  1 1  gold  and  1  nickel, 
and  obtained  an  alloy  of  the  colour  of  fine  brass.  It  was  brittle, 
and  broke  with  a  coarse-grained  earthy  fracture.  The  spe- 
cific gravity  of  the  gold  was  19*17*2;  of  tlie  nickel  7*8;  that 
of  the  alloy  17'(I6B.  The  bulk  of  the  metals  before  fusion  was 
279*2,  after  ftmion  28 1*2,  Hence  they  suffered  an  expansion. 
Had  their  bulk  before  fusion  been  lOUO,  after  fusion  it  would 
have  become  1007*  When  the  proportion  of  nickel  isdimiii- 
Lshed»  and  copper  substituted  for  it,  the  brittleness  of  the  alloy 
gradually  diminishes)  and  its  colour  approaches  to  tliat  of  goltL 
The  expansion,  as  was  to  be  expected,  increases  with  the  pro- 
portion of  copper  introduced.! 

XV,  Mr.  Hatchett  melted  together  11  parts  of  gold  and  1 
part  of  cobalt.  The  alloy  was  of  a  dull  yellow  colour,  very  brit- 
tle, and  the  fracture  exhibited  an  earthy  grain.  Its  specific  gra- 
vity was  17112.  The  bulk  of  the  metals  before  fusi4»n  being 
1000,  after  fusion,  became  1001.  Hence  they  experienced  a 
very  small  degree  of  expansion.  The  brittleness  of  gold  alloyed 
with  eohalt  continues  when  the  cobalt  does  not  exceed  |,*^th  of 
the  whole ;  but  when  it  is  reduced  below  that  proportion,  the 
gold  becomes  somewhat  ductile,} 

XVI,  We  are  indebted  to  Mr.  Hatchett  for  some  curious 
ejq^eriments  on  the  alloy  of  manganese  and  gold.  Olive  oil 
was  repeatedly  mixed  and  burnedwitli  black  oxide  of  manganese, 
after  which  a  piece  of  gold  was  imbedded  in  the  oxide,  ]>laeed  in 
a  crucible  lined  with  charcoal,  and  well  luted,  Tlie  crucible 
was  exposed  for  three  hours  to  a  strong  heat.  By  this  means 
a  portion  of  manganese  was  reduced  and  combined  with  the  gold* 
The  alloy  was  externally  of  a  pale  yellowish-gray  colour,  with 
a  considerable  lustre,  almost  equal  to  tbat  of  polished  steel.  It 
was  very  bard,  and  possessed  some  ductility.  The  fracture 
was  coarse,  very  spongy,  and  of  a  reddish-gray  colour.  It  was 
not  altered  by  exposure  to  the  air-  From  the  analysis  of  Mr. 
Bingley,  the  alloy  wns  found  to  \'ary  in  the  proportion  of  man* 
ganese  from  ^th  to  ^th  of  the  whole.  It  is  more  difficult  of 
fusion  than  gold.     When  kept  melted  with  access  of  air,  the 
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*  Phil.  Com,  p.  85.  t  Wawcrbcrg,  i. 

I  llatehctt  on  the  Ailoyii  of  Gold,  fk  SI.     $  Ibid.  p.  19. 
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<^*^^^  whole  manganese  is  oxidized,  and  swims  on  the  surface.     The 
manganese  may  be  separated  by  cnpellation  with  lead.* 

XVII.  The  alloys  of  gold  with  uranium  and  cerium  are 
unknown, 
zinc  XVIII.  Zinc  may  be  united  to  gold  in  any  proportion  by 

fusion.  The  alloy  is  the  whiter  and  the  more  brittle  die  greater 
quantity  of  zinc  it  contains.  An  alloy,  consisting  of  equal  parts 
of  thpse  metals,  is  very  hard  and  white,  receives  a  fine  polish, 
and  does  not  tarnish  readily.  It  has,  therefore,  been  proposed 
by  Mr.  Hellotf  as  very  proper  for  the  specula  of  telescopes. 
Mr.  Hatchett  united  1 1  parts  of  gold  and  1  of  zinc.  The  alloy 
was  of  a  pale  greenish-yellow  like  brass,  and  very  brittle.  Its 
specific  gravity  was  1 6'937.  The  bulk  of  the  metals  before 
union  was  1000;  after  it,  997  nearly.  Hence  the  union  is 
accompanied  with  a  small  degree  of  contraction.  The  brittle- 
ness  continued  though  the  zinc  was  reduced  to  ^^th  of  the  alloy, 
^ths  of  copper  being  added  to  reduce  the  gold  to  the  standard 
value.  Even  the  fumes  of  zinc  near  melted  gold  are  sufficient 
to  render  the  precious  metal  brittle.:):  Hellot  affirms,  that  when 
1  part  of  gold  is  alloyed  with  7  of  zinc,  if  the  zinc  be  elevated 
in  the  state  of  flowers,  the  whole  of  the  gold  rises  along  with  it 
XIX.  Gold  combines  very  readily  with  bismuth  by  fusion. 
An  alloy  composed  of  11  gold  and  1  bismuth  was  found  by 
Hatchett  to  have  a  greenish-*yellow  colour,  like  bad  brass.  It 
was  very  brittle,  and  had  a  fine  grained  earthy  fracture.  Its 
specific  gravity  was  18*038.  The  bulk  of  the  metals  before 
fusion  was  1000,  after  it  only  988.  They  had  suffered,  there- 
fore, a  considerable  contraction.  The  properties  of  the  alloy 
continued  nearly  the  same  when  the  bismuth  amounted  to  ^)yth 
of  the  compound ;  the  requisite  quantity  of  copper  to  reduce 
the  gold  to  standard  being  added.  When  the  bismuth  was 
diminished  beyond  this  proportion,  the  colour  of  the  alloy  became 
nearly  that  of  gold ;  but  its  brittleness  continued  even  when 
the  bismuth  did  not  exceed  y^ju*^  ^^  ^^  mass.  As  the  pro- 
portion of  bismuth  diminished,  and  that  of  the  copper  increased 
(the  gold  being  always  standard),  the  contraction  disappeared, 
and  an  expansion  took  place,  which  was  soon  much  greater  than 
when  copper  alone  was  used  to  alloy  the  gold.  This  curious 
progression  will  appear  evident  from  the  following  table.  $ 

•  Hatchett  on  the  Alloys  of  Gold,  p.  22.  f  Mem.  Acad.  Par.  1735. 

t  Hatchett  on  the  Alloys  of  Gold,  p.  17. 

§  The  specific  gravity  of  the  gold  was  19*172  (it  was  23  carats  8^  grains 
fine),  of  the  bismuth  9*822,  of  the  copper  8*895* 
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Metmli. 

Ofain«. 

*^Vr^ 

betbn 
taiWm. 

Do.  after. 

CtMjueof 
buDi. 

Gold    .    , 
Bbmuth  . 

442 

38 

18-038 

1000 

988 

—12 

Gold    .   . 
Copper    . 
Bismiidi  . 

44*2 

8 

17-302 

1000 

1018 

+  18 

(toM    .    , 
Copper    , 
Ubmutli  . 

442 

34 

4 

16-846 

1000 

1044 

+  44 

Gold    .    . 
Copper    , 
Bismutli  . 

442 

37-5 
0-5 

16-780 

1000 

1047 

+  47 

Gold    •    . 
Copper    . 

BLHIIIllth    . 

442 
37-75 
0-25 

17-495 

1000 

1027 

+  27 

PamUy  V, 
SkLL 


So  great  is  the  tendency  of  bismuth  to  give  brittleness  to 
gokl,  that  the  precious  metal  is  deprived  of  its  ductility,  merely 
by  keephig  it,  while  in  fusion,  near  bismuth  raised  to  the  same 
temperature.* 

XX.  When  1 1  partB  of  gold  are  melted  ^inth  one  of  lead,  an 
alloy  is  formed,  which  has  externally  the  colour  of  gold,  but  is 
rather  more  pale.  It  is  exceedingly  brittle,  bretikinglikegliu'is,  and 
exhibiting  a  fine-grained  fracture,  of  a  pale  browTi  colour,  with- 
out any  metallic  lustre,  and  having  the  appearance  of  porcelain. 
The  brittleness  continues  even  when  the  proportion  of  lead  is 
BO  far  diminished  tJiat  it  amounts  only  to  jg^D^  ^^  ^^^^  alloy. 
Even  tlie  furnes  of  lead  are  sufficient  to  destroy  the  ductility  of 
gold.  The  specific  graWly  of  tlie  alloy  of  1 1  gold  iuid  1  lead 
is  !  8-080,  which  is  somewhat  less  than  the  mean  ;  so  that  the 
metals  undergo  an  expansion.  This  expansion  increases  as  the 
lead  diminishes  (the  gold  remaining  the  same),  and  the  defi- 
ciency being  supplied  by  copper,  iind  becomes  a  maximum 
when  the  lead  amounts  only  to  Tjic^'i  ^^  ^^^^  alloy.  The  fol- 
lowing tiible  exhibits  a  view  of  this  remarkable  expansion : 


*  See  Hatchett  on  the  Alloys  of  Gokl,  p.  96. 


652 


SIMPLE  ALKALIFIABLE  BASES. 
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Ibtak 

Oniiu. 

*iftgr^ 

Bulk 
teftm 
unloD. 

Da  after. 

R»|M«Minn 

Gold     . 
Lead     . 

442 

38 

18080 

1000 

1005 

6 

Gold    . 
Lead     . 
Copper 

442 
19 
19 

17-766 

1000 

1005 

6 

Gold     . 

442 
30 

8 

17-312 

1000 

1022 

22 

Gold    . 

442 

34 

4 

17-082 

1000 

1035 

35 

Gold    . 
Copper 
Lead     . 

442 
37-5 
0-5 

16-627 

1000 

1057 

57 

Gold     . 

442 
37-75 
0-25 

17-039 

1000 

1031 

31* 

Tin,  XXL  Tin  unites  readily  with  gold  by  fusion,  and  was  sup- 

posed by  the  older  chemists  to  have  the  property  of  communi- 
cating brittleness  to  the  alloy  in  how  small  a  portion  soever  it 
was  united  to  the  precious  metal ;  but  later  and  more  precise 
experiments  have  shown  that  this  opinion  was  ill  founded. 
The  mistake  was  first  removed  by  Mr.  Alchome,  in  a  set  of 
experiments  on  this  alloy  published  in  the  Philosophical  Trans- 
actions for  ]  784 ;  and  these  have  been  amply  confirmed  by  the 
subsequent  trials  of  Mr.  Hatchett  An  alloy  of  1 1  gold  and  1 
tin  has  a  very  pale  whitish  colour;  brittle  when  thick;  but 
when  cast  thin,  it  bends  easily,  but  breaks  when  passed  between 
rollers.  The  fracture  is  fine  grained,  and  has  an  earthy  appear- 
ance. The  specific  gravity  of  this  alloy  was  17*307.  The 
bulk  of  the  two  metals  before  fusion  being  reckoned  1000,  after 
fusion,  it  was  reduced  to  981 ;  so  that  the  metals  contract  very 
considerably  by  uniting  together.f     When  gold  was  made 

•  See  Hatchett  on  the  Alloys  of  Gold,  pp.  29  and  67. 
t  Ibid.  p.  32. 
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Standard  by  equal  parts  of  tin  and  copper,  an  alloy  was  obtained    *^^7^^^ 

of  a  pale  yellow  colour,  and  brittle;  but  when  the  tin  amounted  _    ^ 

only  to  ^*|yth  of  the  whole,  tlie  alloy  was  perfectly  ductile.* 
Indeed,  from  the  experiments  of  Mr.  Alchorne,  we  learn,  that 
when  gold  h  alloyed  witJi  no  more  than  ^'j^tli  of  tin,  it  retains 
its  ductility  sufficiently  to  be  rolled  and  stamped  in  the  uj*ual 
way.  But  Mr.  Tillet  showed,  as  was  indeed  to  have  been 
expected,  that  when  heated  to  redness,  it  fulls*  to  pieces,  owing 
to  the  fusion  of  the  tin.  Both  of  tliese  facts  have  been  con- 
firmed by  the  late  experiments  of  Mr,  Bingley.  He  found 
that  an  alloy  of  gold  with  i^^jjth  of  tin,  when  annealed  in  a  red 
heat,  just  visible  by  daylight,  which  is  equal  to  5°  of  Wedge- 
WD0<1,  was  quite  ductile,  and  capable  of  being  worked  into  any 
•form  ;  but  when  heated  to  a  cherry  red,  or  to  10*  \\''edge* 
wood,  blisters  begiui  to  appear  on  (he  surface  of  the  bar : 
Its  edges  curled  up;  and  at  last  it  lost  its  continuity,  and 
fell  into  a  dark-coloured  mass  with  little  of  the  metallic 
lustre, + 

XXIL  The  alloy  of  gold  and  copper  is  easily  formed  by  capp^t^ 
melting  the  two  metak  together.  This  alloy  is  much  used, 
because  copper  ha<*  the  property  of  increasing  the  hardness  of 
gold  without  injuring  its  colour.  Indeed  a  little  copper 
heightens  the  colonr  of  ^old  without  diminishing  its  ductility. 
'  This  alloy  is  more  fnsible  than  gold,  and  is  therefore  used  as  a 
solder  for  that  precious  metal,|  Copper  increases  likewise  the 
hardness  of  gold.  According  to  Muschenbroeck,  the  luirdness 
of  tills  alloy  is  a  maximum  when  it  is  composed  of  7  ]>arts  of 
gold  and  1  of  copper.  J  Gold  alloyed  with  j^j  of  pure  copper 
by  Mr,  HatchetU  was  perfectly  ductile,  and  of  a  fine  yellow 
colour,  inclining  to  red.  Its  specific  gravity  was  17-157.  This 
was  below  the  mean.  Hence  the  metals  had  suffered  an  expan- 
sion. Their  bulk  before  union  \i"as  2732,  after  union  2798. 
So  that  916|  of  gold  and  8^1^  of  copper  when  united,  instead 
of  occupying  the  space  of  1000,  as  would  happen  were  there 
no  expansion,  become  I024.|| 

Gold  coin»  sterling  or  standard  gold,  consists  of  pure  gold 

*  Hatchett*  on  the  Allojs  of  Gold,  p,  32«  f  Ibid. 

I"  Wasscnbcrg,  i.  112.  S  Ibid- 

I  Hatchett  on  the  Alloys  of  Oold»  p,  66.  The  gold  was  already  alloyed 
with  U96th  of  cojjper;  the  expansion,  had  the  gold  been  pure,  would  have 
been  greater.  For  the  specific  gravity  of  an  alloy  of  1 1  gold  aini  1  copper, 
(•uppodog  the  ipecific  gravity  of  gold  19*3,  and  o(  copper  B*9),  ibould  be 
by  odettlation  17*58.     Its  real  specific  grmTity  u  only  17'  157, 


654 


SIMPLE  ALKALIFIABLE  BASES. 


ch^m.  alloyed  with  y^th  of  some  other  metaL  The  metal  used  is 
always  either  copper  or  silver,  or  a  mixture  of  both,  as  is  most 
common  in  British  coin.  Now  it  appears  that  when  gold  is 
made  standard  by  a  mixture  of  equal  weights  of  silver  and 
copper,  the  expansion  is  greater  than  when  the  copper  alone 
b  used,  though  the  specific  gravity  of  gold  alloyed  with 
silver  differs  but  little  from  the  mean.  The  specific  gravity  <tf 
gold  alloyed  with  y'^th  of  silver  and^^^th  of  copper  was  17*344 
The  bulk  of  the  metals  before  combination  was  2700 ;  after  it 
2767.*  We  learn  from  the  experiments  of  Mr.  Hatehett  that 
our  standard  gold  suffers  less  from  firiction  than  pure  gold,  or 
gold   made  standard  by  any  other  metal  besides  silver  and 


*  The  first  guineas  coined  were  made  standard  by  silver,  afterwards  copper 
was  added  to  make  up  for  the  deficiency  of  the  alloy ;  and  as  the  propof^ 
tion  of  the  silver  and  copper  varies,  the  specific  gravity  of  our  gold  coin  is 
various  also. 

The  specific  gravity  of  gold  made  standard  by  silver  is  .         17-927 

copper  .         17*157 

silver  and  copper     17^344 
The  following  trials  made  by  BIr.  Hatehett  will  show  the  specific  gravity 
of  our  coins  in  different  reigns. 
Reign. 

Charles  II.  a  five  guinea  piece 
James  IL       a  two  guinea  piece 
WujJAM  IIL  a  five  guinea  piece 
George  L     a  quarter  guinea 
George  IL    a  guinea 

•^— a  two  guinea  piece 

George  III.  a  one  guinea 

a  one  guinea 

a  one  guinea 

a  one  guinea 

a  one  guinea 

a  one  guinea 

— a  one  guinea 

— — a  one  guinea 

a  one  guinea 

five  guineas 

ten  half  guineas 

— — fifleen  seven-shilling  pieces^ 

*  Supposing  guineas,  half-guineas,  and  seven-shilling  pieces,  to  be  made 
from  the  same  metal,  there  is  reason  to  expect  (in  a  given  comparative  sum 
of  each)  an  increase  of  specific  gravity  in  the  smaller  coins,  as  a  natural 
consequence  of  rolling,  punching,  annealing,  blanching,  milling,  and  stamp- 
ing ;  the  effects  of  which  must  become  more  evident  in  proportion  to  the 
number  of  the  small  pieces  required  to  form  a  given  sum  of  the  larger  coins. 

The  average  specific  gravity  of  our  gold  coin,  at  the  present  time,  may 
probably  be  estimated  at  17*724% 


Dirfe 

1681 

17-825 

1687 

17*634 

1701 

17-710 

1718 

16.894 

1735 

17-637 

1740 

17-848 

1761 

17-737 

1766 

17-6^ 

1774 

17-726 

1775 

17-698 

1776 

17.466 

1777 

17-750 

1782 

17-202 

1786 

17-465 

1788 

17-418 

1793 

17-712 

1801 

17-750 

1802 

17-793 

QOVm 
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copper  J  Rnd  tliat  the  stamp  is  nol  so  liable  to  be  obliterated   f^«n"7  v, 

as   ill   pure   gold.     It  therefore  answers  better  for  coin*     A  -. 

poiinil  of  «itandard  gold  is  coined  into  44l  guineas. 

XXIII.  The  amalgam  of  gold  is  formed  very  readily,  because  Mercury. 
there  is  a  very  strong  affinity  between  the  two  metals*  If  a  bit 
of  gold  be  dipped  into  mercury,  its  surface,  by  combuiing 
with  mercury,  becomes  as  white  as  s«iJver.  The  eai^iest  way  of 
forming  thiis  amalgam  is  to  throw  sraidl  pieces  of  red-hot  gold 
into  mercury  heated  till  it  begins  to  smoke*  The  proportions 
of  the  ingredients  are  not  determinable,  because  they  combine 
in  any  proportion.  Thi8  amalgam  is  of  a  silvery  whiteness. 
By  squeezing  it  through  leather,  the  exces^s  of  mercury  may 
be  separated,  and  a  soft  white  amalgam  obtained,  which  gra- 
dually becomes  solid,  and  consists  of  about  1  part  of  mercury 
to  2  of  gold.  It  melts  at  a  moderate  temperature ;  and  in  a 
heat  below  redness  the  mercury  evaporates,  and  leaves  the 
gold  in  a  state  of  purity.  It  is  much  used  in  gilding.  The 
amalgam  is  spread  upon  the  metal,  which  is  to  l>e  gilt ;  and 
then  by  the  application  of  a  gentle  and  equal  heat,  the  mer- 
cury is  driven  off,  and  the  gold  left  adhering  to  the  metallic 
surface  ;  this  surface  is  then  rubbed  with  a  brass  wire  brush 
under  w^ater,  Jind  afterwards  buruLshed,' 

XXIV,  Wlien  silver  and  gold  are  kept  melted  together,  AodiUftr. 
they  combine,  and  form  an  alloy,  composed,  as  Horn  berg  ascer- 
tained, of  I  part  of  silver  and  5  of  gold.  He  kept  equal  parts 
of  gold  and  silver  in  gentle  fusion  for  a  quarter  of  an  hour, 
and  found,  on  breaking  the  crucible,  twti  masses,  the  upper- 
most of  which  was  [Hire  silver,  the  undermost  the  whole  goUl 
combined  with  ^  of  silver.  Silver,  however,  may  be  melted  with 
goUI  in  almost  any  proportion ;  and  if  the  proper  precautions 
be  employed,  the  two  metals  remain  combined  togetlier. 

The  alloy  of  gold  and  silver  is  harder  and  more  sonorous 
thmi  gold.  Its  hardness  is  a  maximum  when  the  alloy  con- 
tains 2  parts  of  gold  and  1  of  silver.f  The  density  of  these 
metals  Ls  a  little  diminid»ed,J  and  the  colour  of  the  gold  is 
much  altered,  even  when  the  proportion  of  the  silver  is  small; 
1  part  of  silver  produces  a  sensible  whiteness  in  *20  parts  of 
gold.  The  colour  Is  not  only  pale,  but  it  has  also  a  very  sen- 
sible greeinsh  tinge,  as  if  the  light  reflected  by  the  silver  passed 
tlirough  a  very  thin  covering  of  gold.     This  alloy  being  more 

«  Oellen*s  Metallurgic  Chemistry,  375»  and  Lcwiii,  Thil  Com*  p.  75. 
f  Muachenbroeck.  |  HatcheCt. 
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^^'*^"^*    fusible  than  gold,  is  employed  to  solder  pieces  of  that  metal 
together. 

XXV.  With  gold  molybdenum  melts  only  imperfectly,  and 
forms  a  blackish  brittle  mass,  from  which  a  considerable  portion 
of  the  gold  eliquates  when  it  is  kept  in  a  strong  heat.  The 
alloy  is  attacked  by  nitric  acid.  The  gold  subsides  in  the  state 
of  a  fine  powder,  and  the  molybdenum  lies  over  it  in  the  form 
of  white  oxide.     The  proportions  tried  were 

Gold  .         .         6,  4,  2. 

Molybdenum         .         2,  2,  2. 
None  of  these  compounds  could  be  brought  into  perfect  fusion 
even  by  the  assistance  of  borax.* 

XXVI.  When  100  parts  of  gold,  50  parts  of  tungstic  acid, 
and  a  quantity  of  charcoal  powder,  were  strongly  heated  in  a 
covered  crucible,  complete  fusion  did  not  take  place.  The 
button  weighed  139  grsdns.  By  cupellation  with  lead  the 
gold  was  reduced  to  its  original  purity.  With  platinum 
it  refused  like\i4$e  to  melt.  The  mass  obtained  weighed  140 
grains. 

SECTION  II. — OF  PLATINUM. 

HMory.  Gold,  the  metal  just  described,  yrsa  known  in  the  earliest 

ages,  and  has  been  always  in  high  estimation,  on  account  of  its 
scarcity,  beauty,  ductility,  and  indestructibility.  But  platinum, 
though  perhaps  inferior  in  few  of  these  qualities,  and  certainly 
far  superior  in  others,  was  unknown  in  Europe,  as  a  distinct 
metal,  before  the  year  1749.f 

•  Hjelm,  Crell's  Annals,  iii.  356,  Eng.  Trans.* 

f  Father  Cortinovis,  indeed,  has  attempted  to  prove  that  this  metal  was 
the  electrum  of  the  ancients.  See  the  Chemical  Annals  of  Bnignatelii,  1790. 
That  the  electrum  of  the  ancients  was  a  metal,  and  a  very  valuable  one,  is 
evident  from  many  of  the  ancient  writers,  particularly  Homer.  The  follow- 
ing lines  of  Ciaudian  are  alone  sufficient  to  prove  it: 
**  Atria  cinxit  ebur,  trabibus  solidatur  ahenis 
".Oilmen  et  in  celsas  surgunt  eUctra  columnas.**     L. I.  v.  164. 

Pliny  gives  us  an  account  of  it  in  his  Natural  History.  He  informs  us 
that  it  was  a  composition  of  silver  and  gold ;  and  that  by  candle-light  it 
shone  with  more  splendour  than  silver.  The  ancients  made  cups,  statues, 
and  columns  of  it.  Now,  had  it  been  our  platinum,  is  it  not  rather  extraor- 
dinary that  no  traces  of  a  metal,  which  must  have  been  pretty  abundant, 
should  be  perceptible  in  any  part  of  the  old  continent? 

As  the  passage  of  Pliny  contains  the  fullest  account  of  electrum  to  be 
found  in  any  ancient  author,  I  shall  give  it  in  his  own  words,  that  every  one 
may  have  it  in  his  power  to  judge  whether  or  not  the  description  will  apply 
to  the  platinum  of  the  moderns. 
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I.   It  lias  hitherto  been  found  only  in   Checo  in  Peru,  in    I'teiiiy  v. 

tlie  mine  of  Stinta  Fe,  near  Carthagena;  in    Brazil,  and  in L 

the  valley  of  Jaky  in  St.  Domingo.  Ahout  the  year  182Q 
It  was  discovered  on  the  east  side  of  tite  Ouml  mountains, 
between  Nijne-Tajibskoi  and  Kuschtumskoi.  In  all  of  th<?se 
fiiiuations  it  occurs  in  grains  in  atluvial  soil,  accompanied  by 
fragments  of  greenstone  antl  syenite.  M.  BoiL^isingault  hm 
lately  discovered  it  in  silu  in  decomposed  sycnitic  rocks  at 
Santa  Rosa,  about  -JO  miles  north-east  from  MedelUn,  in  the 
province  of  Andoquia,  in  north  latitude  6''  37'  48"j  situated 
7462  feet  above  the  level  of  the  sea.*  Even  in  the  veins 
where  the  ore  occurs  it  is  in  grainy  which  have  the  appearance 
of  having  been  water-worn.  Humboldt  has  expressed  his 
opinion  thar  this  syenite,  in  which  veins  containing  grains  of 
gold  and  of  platinum  are  situated^  belongs  to  the  same  forma- 
tion m  the  zircon  ^^yenite  of  Norway*  Tlie  rock  in  which  the 
platinum  occurs  in  Brazil  appears  to  be  a  cbloritous  quartz. 
The  Oural  locality  seems  to  be  a  syenite. 

It  occurs  in  small  plates,  ha\ing  the  metallic  lustre,  and 
in  which  the  platinum  i:s  alloyed  with  six  or  more  other  met- 
als. In  general  these  plates  or  scales  are  very  small,  tliougt 
tliey  now  and  then  occur  of  a  large  size.  In  the  year  1814, 
a  negro  shive  found  at  Contloto  in  tlie  province  of  Choco, 
a  mafis  of  platinum  weighing  one  pound  nine  ounces  and  a 
drachm,  which  was  deposited  in  the  Koyal  Museum  at  Madrid.f 
The  workmen  of  the  American  mines  must  no  doubt  have 
been  early  acquainted  with  it ;  and  indeed  some  of  its  properties 
are  obscurely  mentioned  by  some  of  the  \iTiters  of  tlie  1 6th 
century.  Mr.  Clmrles  Wo<kI5  assay-master  in  Jamaica,  saw 
it  in  the  West  Indies  about  the  year  1741.  He  gave  some 
specimens  of  it  to  Dr<   Browiirigg,  who  presented  it  to  the 

"  Omtii  mtiro  ineaC  urgetitutn  vaiio  pondere.— Ubicunque  quinta  argent! 
portio  est,  ehctrum  vocotiir.  Scrobca  ew  reperiuntur  in  CamUtensi*  Fit 
et  cum  electrujo  argento  aiJdito.  Qiiod  si  quintam  portionem  excesstt  incu- 
dtbus  noo  reststit.  £t  electro  {Luctoritas,  Ilomero  teste,  qui  Meneloi  regiaui 
auro,  electro,  ai^gento^  chore  falgere  tradit.  Minervie  temptum  habet  Lindos 
ifisuLfc  Uhodiorum  in  quo  Hdeoa  sacimt  ctiliceiD  ex  electro. — Electri  natura 
C3it  ad  lucemarum  lamina  clariua  argenta  splcnderc  (juod  est  notivum  et 
vencna  deprehendit.  Namque  di&curruot  in  calicibus  arena  ccelesiibui 
similes  cum  igneo  stridore,  et  gemiaa  nitione  prsDdicunt.**^ — Lib.  xxxUi- 
cap.  iv. 

•  Ann.  de  Chlm.  et  de  Phy»«  xwtii,  204. 

f  Vtinquelin  discovered  it  in  considerable  quantity  in  the  siirer  mines  of 
Guadalcanal,  in  the  province  of  Estremadurn  in  Spain.    But  thi^  analysts 
hai  never  been  confirmed  by  repetition.     Ann.  de  Chim.  Ix.  317, 
I.  2  u 
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c^Hitni.    Royal  Society  in  1750.     In  1748  it  was  noticed  by  Don  An- 
"  tonio  de  Ulloa,  a  Spanish  mathematician,  who,  in  I7d5,  had 

accompanied  the  French  academicians  to  Peru  in  their  voyage 
to  measure  a  degree  of  the  meridian.  A  paper  on  it  was  pub- 
lished by  Mr.  Wood  in  the  44th  volume  of  the  Philosophical 
Transactions  for  1749  and  1750.  Dr.  Lewis  began  a  set  of 
experiments  on  it  in  1749,  the  result  of  which  was  published 
in  four  papers  in  the  Philosophical  Transactions  for  1754,  and 
afterwards  two  other  papers  were  added.*  These  experiments 
demonstrate  its  peculiar  nature  and  its  remarkable  properties. 
In  1752,  Scheffer  of  Sweden  published  a  dissertation  on  this 
metal,  remarkable  for  its  precision,  if  we  consider  the  small 
quantity  of  ore  on  which  he  had  to  work,  which  was  not  more 
than  40  grains.  The  experiments  of  Lewis  were  repeated, 
and  many  curious  additions  made  to  them  by  Margraff  in  1757.f 
These  dissertations  having  been  translated  into  French,  drew 
the  attention  of  the  chemists  of  that  country,  and  induced  Mac- 
quer  and  Baume:):  to  make  a  set  of  experiments  on  platinum, 
which  were  soon  followed  by  the  experiments  of  Buffon,  Tillet, 
and  Morveau;§  Siekengen,||  Bergman,^  Lavoisier,  ♦•  and 
more  lately  Mussin  Puschkin,ff  and  Morveau ;%%  and  several 
other  chemists  of  eminence  have  added  to  our  knowledge  of 
this  mineral.  But  the  experiments  of  Berzelius§§  and  Edmond 
Davy  II II  have  added  most  to  our  knowledge  of  its  combinations. 
Hovneduced.  The  proccss  for  reducing  crude  platina  to  an  ingot  of  pure 
malleable  platinum,  was  brought  to  perfection  by  Dr.  Wollas- 
ton,  who  had  the  merit  of  first  supplying  chemists  with  vessels 
of  this  metal,  before  which  accurate  experimenting  was  nearly 
impracticable.  Dr.  Wollaston's  process  is  remarkable  for  its 
extreme  simplicity.  The  grains  of  crude  platina  are  put  into 
a  retort,  with  a  sufficient  quantity  of  dilute  aqua  regia.  The 
muriatic  acid  used  should  be  diluted  with  an  equal  measure  of 
water,  said  the  nitric  acid  should  be  what  is  called  single  aqua 
fortis.  A  quantity  of  muriatic  acid  equivalent  to  150  marble, 
together  with  nitric  acid  equivalent  to  40  marble,  will  take  up 

*  Phil.  Trans,  xlviii.  638,  and  1.  148.    See  also  Phil.  Com.  p.  443,  for  a 
ftill  detail  of  all  the  experiments  on  this  metal  made  before  1763. 

f  Mem.  Berlin,  1757,  p.  31,  and  Margraffs  Opusc.  ii.  226. 

i  Mem.  Par.  1758,  p.  119.  $  Jour,  de  Phy8.'iiL  234. 

I  Macquer's  Dictionary.  f  Opusc.  ii.  166. 

**  Ann.  de  Chim.  v.  137.  ft  -^o-  <*«  Chim.  xxiv.  205. 

i\  Ibid.  XXV.  3. 

§S  Ibid  Ixxxiii.  167,  and  Kongl.  Vet.  Acad.  Hand.  1828,  p.  25. 
U  fl  Phil.  Mag.  xl.  27,  209,  263,  350. 
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100  of  crude  platitm.  But  at  least  1^0  of  the  ore  should  be 
introduced  instead  of  100.  Tiie  acids  should  he  allowed  to  . 
digest  for  tlirce  or  four  days  with  a  heat  wliich  should  be 
gradually  nused.  Beinisf  then  poured  off  it  should  be  allowed 
to  stiind  till  a  fine  powder  of  ore  of  iridiiim  suspended  in  it 
has  had  time  to  subside.  It  should  tlien  be  mixed  with  41 
parts  of  sal  ammoniac  previously  dissolved  in  five  times  its 
weight  of  water.* 

The  yellow  precipitate  must  be  thoroughly  washed,  and  ulti- 
mately pressed  to  remove  the  last  remnant  of  the  washings.  It 
is  next  to  be  heated  witli  extreme  caution  in  a  black  lead  pot, 
just  sufficiently  high  to  drive  off  the  sal  ammoniac,  and  to  occa- 
sion tlic  particles  of  platinum  to  adhere  as  little  as  possible ; 
tor  upon  this  depends  the  success  of  the  subsequent  parts  of 
the  process*  The  gray  product  of  platinum  is  now  to  be  rub- 
Wd  betw^een  tlie  hands  of  the  operator  to  reduce  it  to  a  powder 
fine  enough  to  pass  through  a  lawn  sieve.  The  coarser  parts 
are  then  to  l>e  ground  in  a  wooden  bowl  with  a  wooden  pestle, 
till  the  whole  is  reduced  to  powder.  Tliey  must  not  be  touched 
by  any  thing  hard  enough  to  burnish  their  surface,  otherwise 
the  process  is  spoiled.  The  powder  is  now  to  be  put  into  a 
brass  mould  filled  with,  i^'ater,  taking  c^ire  that  no  vacuities  are 
left  The  top  of  the  powder  is  firnt  covered  with  a  circle  of 
paper  and  then  with  one  of  cloth,  and  it  is  afterwards  compressed 
with  the  force  of  the  hand  by  a  wooden  plug.  A  circular  plate 
of  copper  is  next  laid  on  the  top.  It  is  then  exposed  to  a  very 
violent  pressure  in  a  horizontal  press.f  It  is  now  placed  in  a 
charcoal  fire,  and  there  heated  to  redness  to  drive  off  water,  &c 
and  give  it  a  firmer  cohesion. 

The  next  process  is  to  place  upon  an  earthen  stand  about 
2|  inches  above  the  grate  of  a  -^rind  furnace  (the  stand  being 
strewed  over  with  a  layer  of  clean  quartzose  sand,)  the  ingot 
of  platinum  standing  on  its  end,  covered  by  a  very  refractory 
crucible  not  touching  it,  and  to  expose  it  for  about  20  minutes 
to  the  highest  temperature  that  can  be  raised  in  the  furnace. 
It  is  now  to  be  placed  on  an  anvil  and  struck  while  hot  on  the 
top  mth  a  heavy  hammer^  so  as  at  one  heating  effectually  to 
close  the  metal.    It  must  never  be  struck  on  the  sides;  which 


F«ttttjV. 


*  The  mother  liquor  still  retains  about  1 1  parts  of  platinum,  which  should 
be  precipitated  by  a  bar  of  iron,  and  disaolved  in  a  proportional  quantity  of 
aqua  regia. 

t  The  reader  will  find  a  deacription  of  thii  press  in  Phil  Trans,  1829, 
p.  4. 
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>  "1-    would  cause  it  to  crack.    By  this  hammering  it  is  brought  into 
the  state  of  a  perfect  ingot  fit  for  all  purposes.* 

I.  Platinum,  thus  obtained,  is  of  a  white  colour,  like  silver, 
but  not  so  bright.f  It  has  no  taste  nor  smell.  Its  hardness  is 
intermediate  between  that  of  copper  and  iron.  Its  specific 
gravity  when  reduced  firom  the  ammonio-muriate  by  heat  is 
21*47.  By  hammering  it  may  be  increased  yj^jth :  so  that  its 
maximum  specific  gravity  is  21'5313.t  It  is  exceedingly  duc- 
tile and  malleable ;  it  may  be  hammered  out  into  very  thin 
plates,  and  drawn  into  wires  not  exceeding  -j-^^^  inch  in  dia- 
meter. In  these  properties  it  is  probably  inferior  to  gold,  but 
it  seems  to  surpass  all  the  other  metals.  Its  tenacity  is  such, 
that  a  wire  of  platinum  0-078  inch  in  diameter  is  capable  of  sup-i 
porting  a  weight  of  274-31  lbs.  avoirdupois  without  breaking.^ 
It  is  one  of  the  most  infusible  of  all  metals,  and  cannot  be 
melted  in  any  quantity  at  least,  by  the  strongest  artificial  heat 
which  can  be  produced.  Macquer  and  Baum^  melted  small 
particles  of  it  by  means  of  a  blow-pipe,  and  Lavoisier  by 
exposing  them  on  red-hot  charcoal  to  a  stream  of  oxygen  gas.|| 
It  may  be  indeed  melted  without  difficulty  when  combined  or 
mixed  with  other  bodies,  but  then  it  is  not  in  a  state  of  purity. 
Pieces  of  platinum,  when  heated  to  whiteness,  may  be  welded 
together  by  hammering  in  the  same  manner  as  hot  iron.  This 
metal  is  not  in  the  smallest  degree  altered  by  the  action  of  air 
or  water. 
Oxides  II.  It  cannot  be  combined  with  oxygen  and  converted  into 

an  oxide  by  the  strongest  artificial  heat  of  our  furnaces.  Pla- 
tinum, indeed,  in  the  state  in  which  it  is  brought  from  Ame- 
rica, may  be  partially  oxidized  by  exposure  to  a  violent  heat, 
as  numerous  experiments  have  proved ;  but  in  that  state  it  is 
not  pure,  but  combined  with  a  quantity  of  iron.  It  cannot  be 
doubted,  however,  that  if  we  could  subject  it  to  a  sufficient 
heat,  platinum  would  bum,  and  be  oxidized  like  other  metals; 
for  when  Van  Marum  exposed  a  wire  of  platinum  to  the  action 

•Phil.  Trans.  1829,  p.  1, 

f  To  this  colour  it  owes  its  name.  Piala,  in  Spanish,  is  '*  silver  ;**  and 
pUUina, "  little  silver,**  was  the  name  first  given  to  the  metal.  Bergman 
changed  that  name  into  platinum^  that  the  Latin  names  of  all  the  metals 
might  have  the  same  termination  and  gender.  It  had  been,  however,  called 
platinum  by  Linnaeus  long  before. 

X  Dr.  Wollaston.  §  Morveau,  Ann.  de  Chim.  xxv.  7. 

H  Dr.  Clarke,  by  means  of  his  oxygen  and  hydrogen  gas  blow-pipe,  melted 
pieces  of  platinum  weighing  100  grains. 
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of  his  powerful  electrical  rnacluoc^  it  burnt  with  a  faint  white 
flame,  and  wits  diiisipatrd  into  a  species  of  dust,  which  proved 
lo  be  the  oxide  of  platinum.  By  putting  a  platinum  wire  into 
the  flajue  produced  by  the  combustion  of  hydrogen  gskB  mixed 
with  oxygen,  I  caused  it  to  burn  with  idl  the  brilliancy  of  iron 
wire,  and  to  emit  spirks  in  abundance. 

At  present  only  two  oxides  of  phitinum  are  known  ;  the  prot- 
oxide has  a  Ijiack  colour,  but  the  jteroxide  u  dark  brown* 

1-  To  obtain  protoxide  of  platinum,  we  must  dissolve  the 
metal  in  nitromuriatic  acid,  evaponite  the  solution  to  dryness, 
and  after  reducing  the  dry  salt  to  powder  expose  it  on  a  por- 
celain cup  to  the  temperature  at  which  tin  melt§.  Chlorine 
ga8  is  driven  off,  and  a  ^ecuish  gray  powder  remains,  which 
is  insoluble  in  water,  and  seems  to  be  a  prtHochloride  of  plati- 
num. If  we  digest  this  chloride  in  a  caustic  tdkaline  ley  at  a 
gentle  heat  a  portion  is  dissolved,  but  a  black  powder  remains, 
w^uch,  when  well  washed  and  dried,  is  protoxide  of  platiniun. 
This  bhck  powder  is  a  hydrate :  when  heated  in  a  retort  it 
gives  out  water  and  oxygen  gas.  When  healed  to  redness 
with  combustible  bodies  it  detonates  feebly.  When  digested 
in  acids  it  is  generally  reduced  piirtly  to  the  metallic  state  and 
partly  to  peroxide  of  platinum, 

2*  Mr,  Cooper  has  given  us  another  process  for  obtaining  a  black 
oxide  of  platijuim,  namely^  pouring  a  neutral  solution  of  mercury 
into  a  dilute  solution  of  muriate  of  platinum  in  hot  water-  A 
dense  powder  precipitates,  varying  in  colour  from  deep  brown  to 
yellow  and  sometimes  olive  green.  It  is  a  mixture  of  calomel  and 
protoxide  of  platinum.  It  must  be  carefully  M'as bed  and  dried, 
aiul  then  exposed  to  a  heat  just  sufficient  to  volatilize  the  calomel. 
A  deep  black  powder  remains,  which  is  the  protoxide.  One  hun- 
dred grains  of  it  when  heated  to  rednesss  give  off  12^  cubic 
inches  of  oxygen  g;v^,  and  are  reduced  to  the  metallic  state. 
When  heated  with  lamp  black  it  gives  out  the  same  proportion 
of  carbonic  acid,  and  is  reduced  to  the  metallic  state.  Mr, 
Cooper,  to  whom  we  are  indebted  for  the  discovery  of  this 
oxide,  found  that  it  might  be  heated  strongly  when  mixed  with 
enamellers*  flux  witlmut  being  reduced*  On  this  account  he 
considers  it  as  a  valuable  addition  to  the  colours  of  enamellers.* 

It  is  obvious  that  the  black  oxide  of  Mr,  Cooper  Is  not  the 
same  with  that  from  the  protochloride.  For  Berzelius  anal}^ed 
this  last,  and  found  it  a  compound  of  100  platinum  and  8*225 


siKt.n. 


1.  Proto>jd«. 


'  Royal  Institution  Journal,  lii.  119. 
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cban  to.   of  oxygen ;  wliile  Mr.  Cooper's  oxide  is  a  compound  of  100 
'  platinum  and  4-52  oxygen.     I  have  shown,  by  experiments 

which  I  consider  as  conclusive,  that  the  atomic  weight  of  plati- 
num is  12.*  It  is  obvious  that  the  black  oxide  from  the  pro- 
tochloride  is  a  compound  of 

1  atom  platinum  •         .         12 

1  atom  oxygen  .         .  1 

13 

While  Mr.  Cooper's  is  a  suboxide  composed  of 

2  atoms  platinum        .        •         24 
1  atom  oxygen  .         .  1 

25 

d.  It  is  rather  difficult  to  procure  the  peroxide  of  platinum, 
and  I  am  not  sure  that  it  ever  has  been  examined  in  a  state  of 
complete  purity.  The  process  which  yields  it  in  the  state  of 
greatest  purity  is  this :  Through  a  neutral  solution  of  platinum 
in  aqua  regia  pass  a  current  of  sulphuretted  hydrogen  gas.  A 
black  precipitate  falls,  which  is  sulphuretof  platinum.  Wash 
it  and  dissolve  it  in  nitric  add,  evaporate  the  solution  to  dry- 
ness, and  continue  the  heat  till  all  the  nitric  acid  is  driven 
ofL  What  remains  is  sulphate  of  platinum,  which  dissolves  in 
water,  forming  a  dark-brown  solution.  Drop  a  solution  of 
nitrate  of  barytes  into  the  solution  till  all  sulphuric  acid  is  thrown 
down,  then  filter  and  pour  caustic  potash  or  ammonia  into  the 
liquid.  One  half  of  the  platinum  falls  down  in  the  state  of  per- 
oxide, the  remaining  half  constituting  a  double  salt  remains  in 
solution.  The  peroxide  thus  obtained  is  a  yellowish-brown 
bulky  powder,  which  becomes  darker  coloured  when  dried,  and 
then  has  a  great  resemblance  to  the  rust  of  iron.  In  this  state 
it  is  a  hydrated  oxide.  When  heated  it  gives  out  water  and 
becomes  dark  brown  or  almost  black.  If  the  heat  be  raised  to 
incipient  redness,  oxygen  gas  is  given  out,  and  the  platinum 
reduced  to  the  metallic  state.  Its  tendency  to  combine  with 
acids  is  very  small.  It  seems  in  reality  to  possess  slightly  acid 
qualities,  and  to  have  a  tendency  to  unite  with  bases.  It  would 
appear  from  the  experiments  of  Berzelius  that  this  oxide  con- 
tains just  twice  as  much  oxygen  as  the  protoxide.  It  is  there- 
fore a  compound  of 

♦  First  Principles,  i.  4^0, 


1  atom  pktiimm 

2  a  torn »  oxygeu 


I 


14 
4.  Mr,  Edmond  Davy  discovered  that  if  sulphate  of  pktiiiiim  *, 
be  precipitated  by  caustic  ammonia^  and  the  precipitate  be  boiled 
in  a  weak  potash  ley  to  extract  all  the  sulphuric  acid,  we  obtain 
a  powder  which  has  the  property  of  fulminating  when  heated  to 
about  417",  Wlicn  thii*  powder  is  treated  with  nitric  acid,  and 
cautiously  heated  a  gray  powder  remains  undissolved,  which, 
according  to  the  analysis  of  Mr.  E,  Davy,  is  composed  of  100 
platiuura  and  11-86  oxygen,     Tliig  approaches  to 
1     at^m  platinum         •         .  12 

1^  atom  oxygen  .         ,  1'5 

10-5 
These  experiments  afford  a  presumption  that  the  gray  powder 
is  a  sesqnioxide  of  platinum*     Thujs  from  the  facts  just  related 
the  presumption  b  tliat  there  exist  four  different  oxides  of  pla- 
tinum, the  constituents  of  which  may  be  thus  represented : 


ScaquL 


Plttinum.                   Osyfen.                      Pbrinum.     0%jg&i. 

1. 

Suboxide       2  atoms  +    1      atom  or  24   +    1 

2. 

Oxide             I               +1                      12+1 

3. 

Sesquioxide    I                +    1-5                   12  +    1-5 

4. 

Peroxide        I               +2                      12  +   2 

L 


But  tliese  oxides  have  not  hitlierto  been  examined  witli  suffi- 
cient ciu-e  to  induce  us  to  put  much  confidence  in  the  stiitement 
just  given.  The  only  point  which  I  consider  ;m  determined 
with  certainty  is  that  12  denotes  the  atomic  weight  of  platinum. 

HI.  Pbtinum  does  not  take  firew^hen  introduced  into  chlo- 
rine gas  ;  but  it  slowly  imbibes  the  gas,  tind  is  converted  into  a 
ckittnde.  We  are  at  present  acquainted  with  only  two  com- 
pounds of  chlorine  and  platinum* 

1.  To  obtain  the  profocfUoride  platinum  is  to  be  boiled  in 
strong  muriatic  acid,  adding  occasionally  a  little  nitric  acid. 
The  solution  is  to  be  eviiporated  to  dryness,  and  then  digested 
with  a  little  muriatic  acid,  which  is  like\iise  to  be  driven  off. 
The  dry  mass  Is  to  be  cautiously  heated  nearly  to  redness  and 
boiled  with  a  considerable  quantity  of  w^ater.  Being  now  dried 
it  is  pure  chloride  of  platinum. 

Its  colour  is  dull  olive-browm  or  green.  It  has  nitlier  a  harsh 
feel ;  but  is  destitute  of  taste  and  smell  It  is  infusible.  It 
does  not  appear  to  be  altered  by  exposure  to  the  atmosphere, 
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Chip.  «n»  and  it  is  insoluble  in  water,  but  dissolves  in  perehloride  of  plati- 
num.  When  heated  to  redness  the  chlorine  is  driven  oflF,  and 
pure  platinum  remains.  It  is  slightly  soluble  in  boiling  muri- 
atic acid,  but  it  is  insoluble  in  nitric,  sulphuric,  phosphoric,  and 
acetic  acids.  When  boiled  in  potash  ley  a  black  powder  is 
obtained,  wliich  yields  both  oxygen  and  chlorine  by  heaL  When 
it  is  heated  with  sulphur  or  phosphorus,  chlorides  of  sulphur 
and  phosphorus  are  obtained,  and  phosphuret  or  sulphuret  of 
platinum.  According  to  the  experiments  of  Mr.  Edmond  Davy, 
it  is  composed  of  100  platinum,  and  87*93  chlorine.  This  is 
obviously 

1  atom  platinum        .         .         12 
1  atom  chlorine  •         .  4-5 

16-5 
2.  The  perehloride  of  platinum  is  obtwied  by  dissolving  pla- 
tinum in  nitromuriatic'acid,  and  cautiously  evieiporating  the 
solution  to  dryness  to  drive  off  all  excess  of  add.  A  reddish 
brown  matter  remains,  which  dissolves  in  water,  forming  a 
reddish  yellow  coloured  solution,  which  is  much  employed  by 
chemists  in  separating  potash  from  soda ;  an  important  analytical 
process,  for  which  chemistry  is  indebted  to  Dr.  WoUaston.  It 
would  not  be  easy  to  analyze  this  chloride ;  but  it  enters  into 
combination  with  the  chlorides  of  potassium,  sodium,  and  ammo- 
nium, forming  double  chlorides,  which  constitute  regular  salts. 
By  the  analysis  of  these  chlorine  salts  it  has  been  ascertained 
that  the  perehloride  of  platinum  is  a  compound  of 

1  atom  platinum         .         .         12 

2  atoms  chlorine         .         .  9 

21 

BroDHde.  I^.  Platinum  is  not  acted  upon  by  bromine  or  its  vapour  at 

the  ordinary  temperature  of  the  atmosphere ;  but  it  dissolves  in 
bromonitric  acid,  and  a  yellow  coloured  bromide  is  formed, 
decomposable  and  capable  like  the  perehloride  of  platinum  of 
forming  insoluble  yellow  precipitates  in  salts  of  potash  and 
ammonia. ''^ 

^o*"^  V.  Pleischl  has  observed  that  when  iodic  acid  is  dropt  into 

a  solution  of  bichloride  of  platinum  a  yellow  precipitate  falls, 
somewhat  soluble  in  water. 

*  Balard ;  Ann.  de  Chim.  et  de  Phjs.  xxxii  362. 
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VL  No  combination  of  platimun  with  hydrogen,  azote^  or 

carbon,  is  known. 

VI L  It  was  observed  hy  Descotils  and  CheneiTx*  that  when 
platiiinin  surrounded  witli  cljarcoal  was  strongly  heated  it  fused, 
and  they  considered  tlie  Imtton  formed  bb  a  carburet  of  plati* 
num*  But  the  subject  was  reviewed  by  M-  Boussingatdt,  wLo 
found  that  the  fused  platinum  had  increased  about  half  a  per 
cent,  in  weight,  that  it  liad  assumed  a  gray if^h  colour,  had  become 
excessively  bard,  and  was  with  difficulty  acted  on  by  the  file. 
Its  specific  gravity  was  reduced  to  '20' 5,  It  had  lost  mueli  of 
its  maliealiility,  and  soon  breaks  under  the  hammer.  On  dis- 
solviiig  it  in  aqua  regia  there  remamed  one  per  cenL  of  silica. 
It  appears  from  this  that  when  platinum  is  heated  ahmgwitli 
charcoal  powder,  it  unites  with  a  portion  of  silieou,  which  doubt- 
less existed  in  the  charcoal  powder*  Accordingly  when  M. 
Bonssingault  made  use  of  lamp-black  instead  of  cliarctml,  the 
platinum  did  not  fuse  nor  undergo  any  alteration* f  This  silleet 
of  platinum  appears  to  be  composed  of 

^3  j  atoms  platinum 
I    atom  silicon. 

\'III*  Descotils  heated  a  mixture  of  platinum,  borax,  and 
charcoal.  The  platinum  melted  into  a  hard,  brittle,  somewliat 
crystalline  button,  wliieb,  when  dissolved  in  aqua  regia,  left  a 
quantity  of  bonicic  acid  bebind.  1 1  w^ould  appear  from  this  that 
a  Ijoret  of  platinum  had  been  formed  by  him, 

IX*  The  affinity  which  exists  between  platinum  and  phos- 
phorus is  so  considerable,  timt  if  we  heat  strongly  a  phosphate 
mixed  with  charcoal  in  a  platinum  crucible,  we  destroy  the 
cnicible  by  convening  it  into  a  phosphureL  Three  diiferent 
ph OS p burets  have  been  described. 

1.  Wben  platinum  is  heated  with  a  mixture  of  phosphoric 
glass  and  charcoal  powder,  or  wlien  phosphorus  is  thrown  upon 
red-hot  platinum,  a  combination  is  ftirmed.  The  phosphuret  is 
silver  white,  hard,  crystalline,  and  more  fusible  than  silver.  Pel- 
letier  in  this  way  made  a  phosphuret  composed  of  100  platinum 
and  28  phosphorus,  Tliis  approaebes 
2  atoms  phosphorus 
■  1  atom  platinum 


FtoiUy  V. 
Beet.  IL 

Silkel. 


Hani, 


Itkoapburefta. 


though  not  very  nearly. 


*  Ami*  de  Cliim*  l&f  ii*  98. 


4 
12 

16 


f  Ann.  de  Chim.  ci  de  Phys.  xvi.  3- 
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cb^  ni.  2.  Mr.  Edmond  Davy  formed  a  phosphuret  of  platinum  by 
heating  phosphorus  and  platinum  in  an  exhausted  glass  tube. 
At  a  temperature  considerably  below  redness  they  combine  with 
vivid  ignition  and  flame.  Thus  phosphuret  of  platinum  has  a 
bluish-gray  colour.  When  it  has  undergone  fusion  its  lustre 
is  little  inferior  to  that  of  lead.  It  crystallizes  in  cubes.  Its 
specific  gravity  while  porous  is  6.  It  is  destitute  of  taste  and 
smell.  It  is  a  nonconductor  of  electricity.  When  strongly 
.heated  on  platinum  it  unites  with  the  metal  which  it  perforates 
with  holes.  According  to  the  experiments  of  Mr.  Edmond 
Davy,  it  is  composed  of  100  platinum  and  21*21  of  phosphorus. 
This  is  nearly  equivalent  to 

1|  atoms  phosphorus        .        .  2'5 

1    atom  platinum  .        .         12 

14-5 

3.  Another  phosphuret  was  formed  by  Mr.  Davy  by  heating 
together  ammonio-cfUoride  qfpkUinum  with  about  two-thirds  of 
its  weight  of  phosphorus,  in  small  bits,  in  a  retort  over  mercury. 
Towards  the  end  of  the  experiment  the  retort  should  be  heated 
to  a  dull  red,  to  expel  every  thing  volatile.  This  perphosphuret 
of  platinum  has  an  iron-gray  colour  and  a  slight  metallic  lustre. 
It  stains  the  fingers  or  paper,  but  the  lustre  is  inferior  to  that 
communicated  by  persulphuret  of  platinum.  Specific  gravity 
5-28.  It  is  destitute  of  taste  and  smell,  and  is  a  nonconductor 
of  electricity.  When  heated  it  becomes  ignited  and  diminishes 
in  bulk  without  changing  its  colour.  According  to  the  experi- 
ments of  Mr,  Edmond  Davy,  it  is  composed  of  100  platinum, 
42*85  phosphorus.     This  is  nearly  equivalent  to 

2^  atoms  phosphorus         .         .  5 

i    atom  platinum  .         .         12 

17 

It  is  not  unlikely  that  the  true  composition  of  these  phos- 
phurets  may  be 

Photphonis.  PUtinum. 

2^  atoms  +   I  atom 
2  +    1 

H  +1 

But  new  experiments  would  be  requisite  to  clear   up  the 
subject, 
suipbuntib*        X.  Platinum  combines  with  three  proportions  of  sulphur. 
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For  the  investigation  of  these  compounds  we  are  indebted  to    ^•may  v. 
Mr.  Edmond  Davy*^  _ 

L  Protosiilpluiret  of  platinum  was  formed  hy  mixing  equal 
weights  of  sulphur  and  platinum  in  an  exhausted  glass  tube  and 
heating  them  together.  Towards  the  end  of  the  process  the 
mas8  was  heated  nearly  to  redness  to  expel  every  thing  volatile, 
Protosulphuret  of  pktinum  thus  formed  is  of  a  dull  bluish-gray 
colour.  Its  lustre  is  earthy;  but  when  rubbed  on  paper  it 
leaves  a  metallic  stftiu*  Its  feel  is  rather  kirsh.  It  has  no 
smelt  or  taste*  Its  specific  gravity  is  6*!2.  It  is  a  non-eon- 
ductor  of  electricity.  It  is  decomposed  when  heated  with 
zinc  filings*  According  to  the  amdysis  of  Mr,  Edmond  Davy, 
its  constituents  are,  100  platinum  and  19'04  sulphur.  Had 
the  sulphur  united  to  100  platinumj  been  only  16*66  instead 
of  19,  tlie  sidphuret  would  have  been  a  compound  of 

I  atom  sulphur         •         .  2 

1  atom  platinum       .         .  12 


14 

Now  this  is  the  composition  assigned  by  Berzelius,  but  proba- 
bly only  from  theoretical  views. 

"2*  When  platinum  is  precipitated  from  its  solution  in  aqua 
regia  by  a  current  of  sulphuretted  hydrogen  gas,  a  black  sul- 
phuret  is  obtained  which  must  be  dried  in  vacuo  over  sulphuric 
acid,  otherwise  it  absorbs  oxygen^  and  is  converteil  into  sul- 
phate of  platinum  during  the  process  of  drying,  as  was  first 
observed  l>y  Mr*  Edmaud  Davy,  We  have  two  analyses  of 
this  sulphuret.  According  to  Vauquelin,  it  is  the  same  as  the 
last  sulphuret,  while  Mr.  E.  Davy  makes  it  a  compound  of 
1 J  atom  sulphur  .         ,  3 

1    atom  phitinum       .         .         12 

15 

The  opinion  of  Vauquelin  has  been  generally  adopted.    From 
tlieoretical  considerations,  we  should  be  led  to  expect  that  it 

should  contiiin  *2  atoms  of  sulphur, 

'\  Persulp buret  of  platinum  is  obtained  by  heating  a  mix* 
tnre  of  3  parts  of  amnion io-muriate  of  platinum  and  2  parts 
of  sulphur  in  a  glass  retort  over  mercury.  The  mixture  must 
l>e  gradually  heated  to  rednCvSS,  and  continued  for  some  time 
in  that  heat  till  every  thing  volatile  be  expelled.   It  hais  a  dark 

•  Phil.  Mag.  xh  27,  219, 


668  SIMPLE  ALKALIFIABLE  BASES. 

ciMp.  Ht  iron-gray  colonr  approaching  to  black.  When  in  lumps  it  has 
a  slight  metallic  lustre.  It  has  a  soft  feel,  and  when  rubbed 
on  paper  leaves  a  stain  similar  to  that  of  black  lead.  Its  spe- 
cific g^vity  is  3*5.  It  is  a  nonconductor  of  electricity.  It 
does  not  melt  though  exposed  to  a  very  strong  heat.  When 
heated  with  zinc  filings  combustion  takes  place  and  sulphuret 
of  zinc  is  formed.  When  heated  to  redness  in  the  open  air 
the  sulphur  is  expelled  and  pure  platinum  remains.  Accord- 
ing to  the  analysis  of  Mr.  Edmond  Davy,  its  constituents  are, 
100  platinum  38*8  sulphur.     This  is  obviously 

2  atoms  sulphur  •         .  4 

1  atom  platinum  •         •         12 

16 

XI.  Selenium  combines  readily  with  platinum  in  powder, 
with  the  evolution  of  a  great  deid  of  heat  The  seleniet  is 
gray,  and  has  not  imdergone  fusion.  When  heated  the  sele- 
nium combines  with  oxygen  and  flies  off,  leaving  the  platinum 
pure.  When  seleniates  are  heated  to  redness  in  platinum  cru- 
cibles, the  vessels  are  attacked  and  acquire  a  brownish-gray 
colour.  But  if  heat  be  applied  to  the  uncovered  crucible  the 
selenium  flies  off.* 

XII.  The  alloy  of  arsenic  and  platinum  was  first  examined 
by  Scheffer,  and  afterwards  by  Dr.  Lewis.  The  addition  of 
white  oxide  of  arsenic  causes  strongly  heated  platinum  to  melt; 
but  the  mixture  does  not  flow  thin,  and  cannot  be  poured  out 
of  the  crucible.  The  alloy  is  brittle  and  of  a  gray  colour. 
The  arsenic  is  mostly  expelled  in  a  strong  heat,  leaving  the 
platinum  in  the  state  of  a  spongy  mass.f 

When  100  platinum  is  heated  with  its  own  weight  of  arsenic 
the  alloy  weighs  173-5  parts.     This  is  nearly 

2  atoms  arsenic  .         .         9*5 
I  atom  platinum            .         •       12 
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XIII.  Platinum  easily  combines  with  antimony.  The  alloy 
of  equal  parts  is  brittle,  and  of  a  much  duller  colour  than  anti- 
mony. The  antimony  cannot  afterwards  be  completely  sepa- 
rated by  heat.  When  the  antimony  exceeds,  the  platinum  is 
apt  to  subside  in  slow  cooling.f 

♦  Berzelius ;  Ann.  de  Chim.  et  de  Phys.  x.  24-9. 

t  Phil.  Cora.  p.  515.  |  Lewis,  Phil.  Com.  p.  521. 
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ii  obterved  that  antimony  and  platinum  combine    F»n«y]r  v. 

with  p-eat  rapidity  and  with  ig^nition.     He  is  of  opinion  that 

phitinura  by  alloying-  it  with  antimony,  and  then  drivings  off 
the  antimony  by  heat,  may  be  rendered  sufficiently  pure  for 
the  purposes  of  manufacturers.* 

XI\\  Equal  parts  of  phitinom  and  molybdenum  melted  into  Atuiyt  inth 
a  hard  irregular  brittle  ma^is,  of  a  close  texture,  a  li^ht  ^ray 
colour,  and  a  metallic  lustre,  Tliree  parts  of  molybdenum, 
and  one  of  platinum,  did  not  melt  completely.  The  same  dif- 
ficulty of  fusion  wiLs  experienced  wlieu  tlie  proportion  of  pla- 
tiimm  was  au^nentetL  The  specific  gravity  of  this  alloy  was 
fouiui  by  Hjelm  to  be  *20,f 

XV.  Platinum  unites  with  potiLisium  and  sodium  with  i^i- 
tion,  as  Sir  H,  Davy  first  ascertained.  The  alloy  is  decom- 
posed by  the  action  of  air  or  water. 

X  \M .  We  are  ig^noran  t  of  thealloys  which  phitin  nm  is  capable 
of  forming  with  the  metallic  bases  of  the  alkaline  earths  and 
earths  proper. 

XV I L  Platinum  is  usually  found  alloyed  with  iron,  Dr»  iron, 
Lewis  did  not  succeed  in  his  attempts  to  unite  these  metals  by 
fusion,  but  he  melted  togfcther  cast  iron  and  crude  platina^  and 
likewise  steel  and  crude  platina.  The  alloy  was  excessively 
hard,  very  tough,  and  possessed  some  ductility  when  the  iron 
was  about  |ths  of  the  alloy.  The  specific  gravity  ^eatly 
exceeded  the  mean ;  the  platina  ha\-ing  destroyed  the  property 
which  cast-iron  has  of  expanding  when  it  becomes  solid.  This 
alloy,  after  being  kept  ten  years,  wns  very  little  tarnished.  At 
a  red  heat  it  was  brittle,  and  appeared,  when  broken,  to  be 
composed  of  black  grains,  without  any  metallic  lustre. J  Mr. 
Stodart  and  Mr.  Faraday  found  that  the  toughness  and  smooth- 
ness of  steel  were  very  much  improved  by  alloying  it  with 
yiJj-jth  of  its  weight  of  platinum.  They  recommend  this  aUoy 
as  particularly  valuable  for  articles  of  eutle^)^§ 

XVIII.  We  are  unacquainted  with  the  alloys  which  pla- 
tinum forms  with  nickel,  cobalt,  manganese,  uranium,  and 
cerium. 

XIX.  Dr.  Lewis  found  tliat  platinum  unites  with  the  fumes  zinc» 
of  zinc  reduced  from  its  ore,  and  acquires  about  ^d  of  addi- 
tional weight     The  twQ  metals  very  readily  melt,  even  when 

•  Annuls  of  Philosophy,  xiU.  467. 
I         f  Hjelm,  Cretr^  .\niiala,  iii.  p.  52,  Eng.  Trans,  and  Ann.  de  Chiiu.  iv.  17. 
I         I  PhiL  Com.  pp.  534  and  551.  $  Phtl.  Tmn^i.,  18:^2,  p.  257, 
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Chap,  nl  the  zinc  does  not  exceed  |th  of  the  pladnmn.  The  alloy  is 
very  brittle,  of  a  bluish  white  colour,  and  much  harder  than 
zinc.  One  twentieth  of  platinum  destroys  the  malleability  of 
zinc,  and  ^th  of  zinc  renders  platinum  brittle.* 

XX.  The  alloy  of  platinum  and  cadmium  has  a  light  silver 
white  colour.  It  is  granular,  and  has  a  conchoidal  fracture. 
It  is  very  brittle  and  very  fusible.  When  heated  till  the  excess 
of  cadmium  is  driven  off,  it  is  composed  of  100  platinum  and 
117-3  cadmium.     This  is  equivalent  to 

2  atoms  cadmium  .         .         14 

1  atom  platinum  .         .         12 

26 
XXL  Bismuth  and  platinum  readily  melt  and  combine  when 
exposed  rapidly  to  a  strong  heat  Dr.  Lewis  fiised  the  metals 
in  various  proportions,  from  1  of  bismuth  to  24  with  I  of 
platinum.  The  alloys  were  all  as  brittle,  and  nearly  as  soft, 
as  bismuth;  and  when  broken,  the  fracture  had  a  foliated 
appearance.  When  this  alloy  is  exposed  to  the  air,  it  assumes 
a  purple,  violet,  or  blue  colour.  The  bismuth  can  scarcely  be 
separated  by  heatf 

Lead,  XXII.  Dr.  Lewis  fused  crude  pladna  and  lead  together  in 

various  proportions ;  a  violent  heat  was  necessary  to  enable  the 
lead  to  take  up  the  platinum.  Hence  a  portion  of  the  lead  was 
dissipated.  The  alloys  had  a  fibrous  or  leafy  texture,  and  soon 
acquired  a  purple  colour  when  exposed  to  the  air.  When 
equal  parts  of  the  metals  were  used,  the  alloy  was  very  hard 
and  brittle ;  and  these  qualities  diminished  with  the  proportion 
of  platinum.  When  the  alloys  were  melted  again,  a  portion 
of  the  platinum  subsided.:]^  Many  experiments  have  been  made 
with  this  alloy,  in  order,  if  possible,  to  purify  platinum  from 
other  metals  by  cupellation,  as  is  done  successfully  with  silver 
and  gold.  But  scarcely  any  of  the  experiments  have  suc- 
ceeded :  because  platinum  requires  a  much  more  violent  heat 
to  keep  it  in  fusion  than  can  be  easily  given.§ 

Tin,  XXIII.  From  the  experiments  of  Dr.  Lewis  we  learn,  that 

tin  and  platinum  readily  melt,  and  form  an  alloy  which  is 
brittle  and  dark  coloured  when  the  proportions  of  the  two 
metals  are  equal,  and  continues  so  till  the  platinum  amounts 
only  to  ^th  of  the  alloy;  after  this  the  ductility  and  white 

•  Phil.  Com.  p.  520.  t  Ibid.  pp.  509,  573. 

X  Ibid.  p.  512.  §  Ibid.  p.  561. 
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colour  increase  as  the  proportion  of  platinum  diminishes. 
When  tkis  alloy  is  kept,  its  surface  griiduiilly  tarnlslies  and 
becoincR  yellow,  but  not  so  readily  if  it  has  bt?cn  pullshinL* 

When  tinfoil  and  platinum  foil  are  wrapt  up  tog^ether  and 
exposed  to  the  action  of  tlie  blow-pipe,  or  dimply  to  the  flame 
of  a  candle^  they  combine  instantaneously  wnth  the  evolution 
of  a  gfreat  deal  of  light  and  beat  w^hich  continues  for  some 
time.  This  curious  experiment  was  first  made  by  Mr.  Robert 
Fox  of  Falmouth  ;t  and  has  been  since  very  often  repeated, 
especially  by  Dr.  Clarke,} 

XXIV.  Platinum  may  be  alloyed  with  copper  by  fusion, 
but  a  strong  heat  is  necessary.  The  alloy  is  ductile,  liard, 
takes  a  fine  polish,  and  is  not  liable  to  tanilsh,  Tliis  alloy  hits 
been  employ eti  with  advantage  for  composing  the  mirrors  of 
reflecting  telescopes.  The  platinum  dilutes  the  colour  of  the 
copper  very  much,  and  even  destroy**  it,  unless  it  be  used  spar- 
ingly. For  the  experiments  made  upon  it  we  are  indebted  to 
Dr,  Lewis.§  Strauss  has  lately  proposed  a  metliod  of  coat- 
ing copper  vessels  with  platintun  instead  of  tin;  it  consists  in 
rubl)ing  an  amalgam  of  platinum  over  the  copper,  and  then 
exposing  it  to  the  proper  heat,|| 

XXV,  Mr,  Cooper  has  formed  an  alloy  of  7  parts  platinum, 
J  6  copper,  and  1  zinc,  tliat  has  much  the  appearance  of  pure 
giild.  Tlie  copper  and  phitinum  are  first  fused,  witli  the  usual 
preciiutions  of  covering  the  metals  with  cliarcoal  and  adding 
a  flux  of  borax,  M^heo  it  is  in  perfect  fusion  it  is  removed 
from  the  fire,  the  ajinc  b  added,  and  the  mixture  stirred.  This 
alloy  is  very  ductile,  is  not  oxidized  by  exposure  to  tlie  air, 
and  is  not  diasolved  by  nitric  acid  except  at  a  boiling  heatf 

XXV L  Dr.  Lewis  attempted  to  form  an  amalgam  of  plati- 
num, but  succeeded  only  imperfectly,  as  was  tlie  case  also  with 
Scheffer.**  Guy  ton  Morveau  succeeded  by  means  of  heat 
He  fixed  a  small  cylinder  of  platinum  at  the  bottom  of  a  tall 
glass  vessel,  and  covered  it  with  mercury.  The  vessel  was 
then  placed  in  a  sand-bath,  and  the  mercury  kept  constantly 
boiling.  The  mercury  gradually  combined  with  the  platinum; 
the  weight  of  the  cylinder  was  doubled,  and  it  became  brittle. 
When  heated  strongly,  the  mercury  evaporated,  and  left  the 


scrt,n. 


Copper, 


UtTCtOf^ 


•  Philos.  Commerce,  p*  510. 
t  Ibid,  xiv,  229,  470. 
I  Nicholson's  Journal,  ix.  303. 
t  Jaunial  of  r lie  Royal  Institution,  tii.  1 19. 
••  Lewi»,  Phil  Com.  (k  508. 


f  Annals  of  Philosophy,  xiii,  467. 
§  rhilos.  Comtnerce,  p.  529. 
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'  "^  pladnum  partly  oxidated.  It  is  remaricable  that  the  platinimi, 
notwithstanding  its  superior  specific  gravity,  always  swam  upon 
the  surface  of  the  mercury,  so  that  Morveau  was  under  the 
necessity  of  fixing  it  down.* 

'  The  simplest  and  easiest  way  of  combining  platinum  and 
mercury  was  pointed  out  by  Muscliin  Pushkin.  It  consists 
in  triturating  with  mercury  the  fine  powder  obtained  by  pre- 
cipitating platinum  from  nitro-muriatic  acid  by  sal  anunoniac, 
and  exposing  the  precipitate  to  a  graduated  heat  Some  tri- 
turation is  necessary  to  produce  the  commencement  of  com- 
bination ;  but  when  once  it  begins  it  goes  on  rapidly.  Small 
quantities  of  the  platinum  and  mercury  are  to  be  added  alter- 
nately till  the  proper  portion  of  amalgam  is  procured.  The 
excess  of  mercury  is  then  separated  by  squeezing  it  through 
leather.  The  amalgam  obtained  is  of  a  fine  silvery  whiteness, 
and  does  not  tarnish  by  keeping.  At  first  it  is  soft,  but  gra- 
dually acquires  hardness.  It  adheres  readily  to  the  surface  of 
glass,  and  converts  it  into  a  smooth  mirror. 

surer,  XXVII.  When  silver  and  platinum  are  fused  together  (for 

which  a  very  strong  heat  is  necessary),  they  form  a  mixture, 
not  so  ductile  as  silver,  but  harder  and  less  white.  The  two 
metals  are  separated  by  keeping  them  for  some  time  in  the 
state  of  fusion ;  the  platinum  sinking  to  the  bottom  from  its 
weight  This  circumstance  would  induce  one  to  suppose  that 
there  is  very  little  affinity  between  them.  Indeed  Lhr.  Lewis 
found,  that  when  the  two  metals  were  melted  together,  they 
sputtered  up  as  if  there  were  a  kind  of  repugnance  between 
them.  The  difficulty  of  uniting  them  was  noticed  also  by 
Scheffer.f 

And  Gold.  XXVIII.  Dr.  Lcwis  found  that  gold  united  with  platinum 

when  they  were  melted  together  in  a  strong  heat.  He  employed 
only  crude  platina;  but  Vauquelin,  Hatchett,  and  Klaproth, 
have  since  examined  the  properties  of  the  alloy  of  pure  platinum 


*  ^nn.  de  Chim.  xxv.  12. — This  was  doubtless  owing  to  the  strong  cohe- 
sion which  exists  between  the  particles  of  mercury.  If  you  lay  a  large  mass 
of  platinum  upon  the  surface  of  mercury,  it  sinks  directly  on  account  of  its 
weight ;  but  a  small  slip  (a  platinum  wire,  for  instance,)  swims,  being  unable  to 
overcome  the  cohesion  of  the  mercury.  However,  if  you  plunge  it  to  the 
bottom,  it  remains  there  in  consequence  of  its  superior  weight  If  heat  be 
now  applied  to  the  bottom  of  the  vessel,  the  wire  comes  again  to  the  sur&ce, 
being  buoyed  up  by  the  hot  mercury,  to  which  it  has  begun  to  adhere. 
These  facts  explain  the  seeming  anomaly  observed  by  Morveau. 

f  Lewis's  Philosoph.  Commerce,  p.  522. 
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and  ^old.»  To  form  the  allojr,  it  is  necessary  to  fuse  the 
metals  with  a  wtroiig  heat,  otherwise  the  platintim  is  only  di»-  . 
persed  through  the  gold.  When  gold  18  alloyed  with  this 
metal,  its  colour  h  remarkably  injured ;  the  alloy  having  the 
appearance  of  betl-metal,  or  rather  of  tarnished  silver.  Dr. 
Lewis  found,  that  when  the  platinum  amounted  only  to  ^th, 
tlie  alloy  had  nothing  of  the  colour  of  gold ;  even  ^]^  part  of 
platinum  greatly  injured  the  colour  of  the  gold.  The  alloy 
formed  by  Mr.  Ilatchett  of  nearly  1 1  part«  of  gold  to  1  of  pla- 
tinum, had  the  colour  of  tarnished  silven  It  was  very  ductile 
and  elastic.  From  Klaproth  we  learn,  that  if  the  platinum 
exceed  ^'yth  of  the  gold,  the  colour  of  the  alloy  h  much  paler 
than  gold  ;  but  if  it  be  under  j^^^^  ^^^  colour  of  the  gold  is  not 
sendbly  altered.  Neither  is  there  any  alteration  in  the  duc- 
tility of  the  gold*  Platinum  may  be  alloyed  with  a  consider- 
able proportion  of  gold  without  sensibly  altering  its  colour. 
Thus  an  alloy  of  1  piirt  of  p latin ujb  with  4  parts  of  gold  can 
scarcely  he  distinguished  in  appearance  from  pure  platiinun, 
Tlie  colour  of  gold  does  not  become  predominant  till  it  con- 
ttfimes  €fght-ninths  of  the  alloy4 

From  these  facts  it  follows,  that  gold  cannot  be  alloyed 
with  y^th  of  it^  weight  of  platinum,  \^^thout  easily  detecting 
the  fraud  by  the  debasement  of  the  colour :  and  Vauquelin  has 
shown,  that  when  the  platinum  does  not  exceed  y'j^tb,  it  may 
be  completely  separated  from  gold  by  rolling  out  the  alloy  into 
thin  plates,  and  digesting  it  in  nitric  acid.  The  pLitirnim  is 
takt^n  up  by  the  acid  while  the  gold  remains.  But  if  tlie  quan- 
tity of  platinum  exceeds  j!ptb>  it  cannot  be  separated  com- 
pletely by  that  method.J 


FaxaVtj  V. 


SECTION  I1I« OF  PALLADIUM. 

This  metal  was  discovered  by  Dr.  Wollaston  in  1803,  and  Hbn*ry, 
the  first  account  of  its  properties  circidated  without  any  inti- 
mation of  the  discoverer,  or  the  source  whence  the  metiil  M^as 
ohuiined.  It  \i*as  examined  by  Mr.  Chenerix,  who  endea- 
voured to  show  that  it  was  a  compound  of  platinum  and  mer- 
cury. But  his  attempt  was  unsuccessfuL  Soon  after  Dr. 
Wollaston  announced  that  he  was  the  discoverer  of  palladium, 
and  that  lie  had  obtained  it  from  crude  pladna.     It  has  been 

•  Vauquelin,  Manuel  de  TEss^iyeur,  p,  44* — Hatcbeit,  on  ihe  Alloys  of 
Gold,  &c^  PKil.  Trans.  1803,— KJaproth,  Journal  de  Chiraie^  iv.  29. 
f  Kbproth,  Jaurnal  de  Chimie,  iv.  S9* 
I  Matiud  de  rEsaayetir,  p.  iS. 
t,  2x 
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cha^.  ut   since  examined  by  M.  Vauquelin,*  and  two  sets  of  experiments 
'.  on  it  have  been  published  by  Berzeliiis.f 

Dr.  Wollaston  separated  palladium  from  crude  pladna  by 
the  following  process : 

Dissolve  crude  platina  in  nitro-muriatic  acid,  and  into  the 
solution,  previously  freed  from  any  excess  of  add,  drop  a 
quantity  of  prussiate  ofmercwry.X  In  a  short  time  the  liquid 
bec(Hnes  muddy,  and  a  pale  yellowish  white  matter  falls  down. 
This  precipitate,  washed,  dried,  and  exposed  to  a  strong  heat, 
leaves  a  white  matter,  which  is  palladium.§  The  powder  of 
palladium  thus  obtained  is  to  be  combined  with  sulphur,  and 
each  cake  of  the  sulphuret,  after  being  fused,  is  to  be  finally 
purified  by  cupellation  in  an  open  crucible  with  borax  and  a 
little  nitre.  The  sulphuret  is  then  to  be  roasted  in  a  low  red 
heat,  on  a  flat  brick,  and  pressed  when  reduced  to  a  pasty  con- 
sistence into  a  square,  or  oblong,  and  perfectly  flat  cake.  It 
is  again  to  be  roasted  very  patiently,  at  a  low  red  heat,  till  it 
becomes  spongy  on  the  sur&ce.  During  this  process  sulphur 
flies  off  in  the  state  of  sulphurous  acid,  especially  when  the 
heat  is  allowed  to  subside.  The  ingot  is  then  to  be  cooled, 
and  when  cold  is  to  be  tapped  with  a  light  hammer,  to  beat 
down  the  spongy  excrescences  <m  the  surface.  The  alternate 
roastings  and  tappings  require  the  utmost  patience  and  perse- 
verance before  the  cake  can  be  made  to  bear  hard  blows.  But 
it  may  be  made  so  flat,  and  so  square,  as  to  bear  being  passed 
through  a  flatting  mill,  and  so  laminated  to  any  degree  of 
thinness.  || 

I.  Palladium  thus  obtsdned  is  a  white  metal,  which,  when 
polished,  bears  a  very  close  resemblance  to  platinum. 

It  is  rather  harder  than  wrought  iron.  Its  specific  gravity 
varies  according  to  the  state  in  which  it  is  exhibited.  When 
completely  fused,  Mr.  Chenevix  found  it  11  "871 ;  but  some  of 
the  pieces  exposed  to  sale  were  as  low  as  10*972.  I  found 
the  specific  gravity  of  a  piece  of  rolled  palladium,  which  had 
been  heated  to  redness  and  allowed  to  cool,  1 1*718.  Vauquelin 
obtained  it  when  rolled,  as  high  as  12  and  a  small  fraction. 

•  Ann.  de  Chim.  Ixxxviii.  167. 

f  Annals  of  Philosophy,  iii.  354,and  Kong.  Vetens.  Acad.  Handl.  1828, 
p.  44. 
.  \  A  salt  to  be  described  in  a  subsequent  part  of  this  Work. 

§  Wollaston  on  the  Discovery  of  Palladium,  Philosophical  Transactions, 
J  805. 

Jl  Phil.  Trans.  1829,  p.  7. 


PALLADIUM. 


675 


The  specific  gravity,  as  stated  by  M.  Breant>  is  I2.*  This 
nearly  agrees  M'itJi  an  experiment  of  Mr*  Lowry,  who  found 
it  lt>14a 

It  seems  to  be  as  malleable  as  platinum  itself.  It  possesses 
but  little  ela^stieity,  breaks  uith  a  fibrous  fracture,  and  appears 
of  a  crystallized  texture. 

It  h  not  altered  by  exposure  to  the  air.  It  requires  a  very 
violent  heat  to  fuse  it.  Mr.  ChenevLx  succeeded  ia  melting 
It,  but  was  not  in  possession  of  ttie  means  of  estimatitig  the 
temperature. 

\  aiifjuelin  fused  it  on  charcoal  by  a  jet  of  oxj^gen  gas. 
When  the  heat  was  continued  the  metal  boiled  and  burnt, 
throwing  out  brilliant  sparks,  A  portion  of  tlie  metal  wliich 
escaped  tlie  combustion  was  dissipated  and  condensed  on  tlie 
surfiM^e  of  the  charcoal  in  very  small  grains.  Platinum  melted 
in  the  same  way  does  not  burn  like  palladium,  w*hich  shows 
that  this  last  metal  is  more  volatile  and  more  combustible. 

11.  AMien  strongly  heated  its  surface  assumes  a  blue  colour;  OxWe*, 
but  by  increadng  the  temperature  the  original  histre  is  again 
restored.  This  blue  coh>ur  is  doubtless  a  commencement  of 
oxidizement.  But  it  is  entirely  superficial,  and  does  not  occa- 
sion any  sensible  increase  in  the  weight  of  tlie  metal  It  is 
removed  by  passing  a  current  of  hydrogen  gas  over  the  hot 
metah  From  the  recent  experiments  of  Berzelius,  it  appears 
that  palladium  coml>ines  with  two  proportions  of  oxygen,  and 
forms  two  oxith^s,  which  have  been  hitherto  very  imperfectly 
examined. 

Hie  protoxide  may  be  obtained  by  fusing  palladium  in 
powder  with  potash  and  a  little  nitre.  But  this  process  is  not 
a  good  one.  We  may  obtmn  it  also  by  dissolving  palladium 
ill  fuming  nitric  acid,  evaporating  the  solution  to  dryness,  and 
exposing  it  to  a  heat  approaching  ignition  till  the  nitric  acid  is 
perfectly  dissipated.  The  protoxide  of  paJJadium  is  a  black 
powtier,  tasteless  and  insoluble  in  water.  It  does  not  readily 
dissolve  in  acids,  and  requires  boiling  before  we  can  obtain  a 
complete  solution  of  it  in  muriatic  acid.  When  precipitated 
from  nitric  acid  by  an  alkali,  we  obtain  it  in  the  state  of  brown- 
ish yellow  hydrate.  There  is  reason  to  suspect  that  it  is  solu- 
ble in  alkaline  leys.  From  the  analysis  of  the  chloride  of  pal- 
ladium by  Berzelius,  which  will  be  stated  below,  there  is  reason 
to  believe  that  the  atomic  weight  of  tliis  metal  is  6-75.    If  this 
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*  Schweiggcr*s  Johrbucb,  ix.  357. 
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Q'"^"''   number  be  a  near  approxunation  to  the  truth,  the  protoxide  will 
be  a  compound  of 

1  atom  palladium 
1  atom  oxygen 

7-76 

and  its  atomic  we^ht  wiU  be  7«75« 
ctii'i'^am^         III.  From  the  late  researches  of  Berzelius,  we  learn  that 
the  chlorides  of  palladium,  like  the  oxides,  are  two. 

1.  Protochloride  may  be  formed  by  dissolving  the  protoxide 
in  muriatic  acid,  and  evi^orating  to  dryness.  But  in  this  state 
it  has  not  hitherto  been  examined.  It  possesses  the  property, 
like  the  chloride  of  gold  and  platinum,  of  combining  with  the 
chlorides  of  potassium,  sodium,  and  ammonium,  and  of  forming 
with  them  crystallizable  salts :  showing  that  it  possesses  add 
properties.  Berzelius  analyzed  the  potassium^hloride  of  pal- 
ladium.    In  one  experiment  he  found  it  a  compound  of 


CUorme 

Palladium 

Chloride  of  potasrium 

4-5 

6-98 

9-76 

and  in  another  of 

Chlorine 

Palladium 

Chloride  of  potassium 

21-18 

4-5 

6-801 

9-527 

20-828 

The  first  of  the  chlorides  had  been  fused.  We  see  from  the 
weight  of  chloride  of  potassium,  that  a  little  of  the  chlorine  had 
been  driven  off.  This  makes  the  weight  of  palladium  in  the 
first  analysis  a  little  too  high.  In  the  second  analysis  the  chlo- 
ride had  been  strongly  dried  in  a  current  of  dry  air.  In  it  the 
weight  of  chloride  of  potassium  approaches  much  nearer  to  9*5, 
the  true  number;  but  it  exceeds  it  a  little.  Hence  I  consider 
the  weight  of  palladium  6-801,  a  little  above  the  true  ratio; 
because  a  little  of  the  chlorine  had  even  in  this  case  been  driven 
off.  But  these  two  analyses,  compared  with  each  other,  leave 
little  doubt  that  the  true  constitution  of  this  chloride  is 
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1  atom  chlorine  ,         .         .         4*5 

I  atom  palladium  .         .         6*75 

1  atom  chloride  of  potassium       .         9*5 
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20-75 
Tills  is  my  reason  for  pitching  upon  6*75  as  the  atonxic  weight 

of  palladium. 

2.  The  perchloride  of  palladium  has  not  hitherto  been 
examined  in  a  separate  state*  It  has  only  been  obtained  com- 
bined with  chloride  of  potassium.  Berzelius  obtained  it  by 
dissolving  the  preceding  double  chloride  in  aqua  regia,  and 
evaporating  to  dryness.  Towards  the  end  of  tlie  process  deut- 
oxide  of  azote  is  disengaged,  and  a  red  salt  is  deposited  in 
microscopic  crystals.  These  crystals  consist  of  a  combination 
of  perchloride  of  palladium  witli  chloride  of  potassium.  Bcrze- 
lius  subjected  them  to  analysis,  and  showed  that  they  consist  of 
2  atoms  chlorine  .         *         .         9 

1  atom  palladium         .         .         .        6*75 
I  atom  chloride  of  potassium        .         9-5 


25-25 


When  these  crystals  are  very  small  their  colour  is  cinnabar 
red,  but  when  large  they  are  reddish  brown.  When  heated 
chlorine  is  disengaged,  and  the  protoehloride  fuses.  Water 
decomposes  this  salt,  chlorine  being  dissolved,  and  protoehloride 
remaining  undissolved.  When  boiled  in  water  a  great  deal  of 
chlorine  is  disengaged,  muriatic  acid  remains  in  the  liquid,  and 
an  oxide  of  the  colour  of  amber  precipitates. 

The  nature  and  properties  of  these  double  chlorides  will 
come  under  our  review  in  a  subsequent  part  of  this  work* 

IV.  The  bromides  and  lotlides  of  palladium  are  still  unex- 
amined. Nor  is  any  thing  known  respecting  the  compounds 
which  this  metal  may  be  capable  of  forming  with  hydrogen, 
azote,  boron,  silicon,  or  phosphorus. 

V,  When  a  plate  of  palhidium  is  put  into  the  flame  of  a  CutN^T 
spirit  lamp  near  tlie  wick,  it  becomes  covered  with  a  coating 

of  soot  which  augments  continually.  If  we  bum  this  soot  it 
leaves  a  metallic  residue.  A  tbin  |>late  of  palladium  heated  in 
this  way  l>ecomes  quite  brittle.  \\>  see  from  this  that  palla- 
dium has  an  affinity  for  carbon.'  There  is  reason  to  believe 
that  platinum  agrees  witli  palladium  in  this  property. 


*  Wohler,  Ann*  den  Mines,  xii.  223. 
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t  HI.  VI.  Palladium  unites  very  readily  to  sulphar.  When  it  is 
strongly  heated,  the  addition  of  a  little  sulphur  causes  it  to  run 
into  fusion  immediately,  and  the  sulphuret  continues  in  a  liquid 
state  till  it  be  only  obscurely  red-hot.  Sulphuret  of  palladium 
is  rather  paler  than  the  pure  metal,  and  is  extremely  brittle. 
By  means  of  heat  and  air,  the  sulphur  may  be  gradually  dis- 
sipated, and  the  metal  obtained  in  a  state  of  purity.  Accord^ 
ing  to  the  experiments  of  Vauquelin,  the  sulphuret  of  palladium 
is  a  compound  of  100  palladium  and  24  sulphur.  This  ap- 
proaches 

1  atom  palladium         .         .         6-75 
1  atom  sulphur  .         .         2 

8-75 
But  there  is  a  slight  excess  of  palladium.     The  reason  of  this 
may  be  that  the  metal  retains  a  small  portion  of  the  sulphur 
obstinately. 

VII.  Palladium  and  selenium  unite  with  facility,  and  heat  is 
disengaged  during  the  combination.  The  compound  is  gray 
and  coherent,  but  has  not  undei^one  fusion.  When  it  is 
exposed  to  the  action  of  the  blow-pipe,  selenium  is  disengaged, 
and  the  alloy  fuses  into  a  grayish  white  metallic  button,  whidi 
is  brittle,  and  has  a  crystalline  fracture.  Hence  it  still  contains 
selenium.* 
AUoji.  VIII.  Mr.  Chenevix  alloyed  palladium  with  various  metals. 

The  following  are  the  results  which  he  obtained : 

1.  "  Equal  parts  of  palladium  and  gold  were  melted  toge- 
ther in  a  crucible.  The  colour  of  the  alloy  obtained  was  gray ; 
its  hardness  about  equal  to  that  of  wrought  iron.  It  yielded 
to  the  hammer ;  but  was  less  ductile  than  each  metal  separate, 
and  broke  by  repeated  percussions.  Its  fracture  was  coarse- 
grained, and  bore  marks  of  crystallization.  Its  specific  gravity 
was  11-079. 

2.  ^<  Equal  parts  of  platinum  and  palladium  entered  into 
fusion  at  a  heat  not  much  superior  to  that  which  was  capable  of 
fusing  palladium  alone.  In  colour  and  hardness  this  alloy 
resembled  the  former ;  but  it  was  rather  less  malleable.  Its 
specific  gravity  I  found  to  be  15*141. 

3.  "  Palladium  alloyed  with  an  equal  weight  of  silver,  gave 
a  button  of  the  same  colour  as  the  preceding  alloys.  This  was 
harder  than  silver,  but  not  so  hard  as  wrought  iron ;  and  its 

*  Berzelius,  Ann.  de  Chim.  et  de  Phys.  x.  248. 
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polished  surface  wm  somewliat  like  platina,  but  whiter.     Its 
specific  gravity  wiv^  1 1  '^SO. 

4.  "  Tlje  alloy  of  equal  |>arts  of  palladium  and  copper  was  a 
little  niore  yellow  than  any  of  t!ie  preceding  alloys,  and  broke 
more  ejisily*  It  was  harder  tlian  wrought  iron  ;  and  by  the  file, 
assumed  rather  a  leaden  colour.     Specific  gravity  10-392, 

5.  **  Lead  increases  the  fusibility  of  pidladium.  An  alloy  of 
these  metals,  hut  in  unknoUTi  proportions,  was  of  a  gray  colour, 
and  its  fracture  n-as  fine-grained.  It  was  superior  to  all  the 
former  in  Iiardne^ks,  but  was  extremely  brittle.  I  found  its  spe- 
cific gravity  to  be  12'000. 

6.  "  Equal  parts  of  palladium  and  tin  gave  a  grayish  button, 
inferior  in  Iiardness  to  wrought  iron,  and  extremely  brittle. 
Its  fracture  was  compact  and  fine-grained.  Specific  gravity 
8-175. 

7.  "  With  an  equal  weight  of  bismuth,  palUidium  gave  a 
button  still  more  brittle,  and  nearly  as  hard  as  steel.  Its  colour 
was  gray ;  but  when  reduced  to  powder  it  was  much  darker- 
Its  specific  gravity  I  found  to  be  12'587, 

8.  **  Iron,  wlien  alloyed  ^^th  palladiamf  tends  much  to 
dinninish  its  specific  gra\aty,  and  renders  it  brittle.  Arsenic 
increases  the  fusibility  of  palladiumt  and  renders  it  extremely 
brittle."* 


Tml\r  V. 
Sect  rv. 


SECTION  IV. OF  RHODIUM. 

Rhodium  was  discovered  by  Dr.  Wollaston  in  1804.  While  Hif*«^. 
Mr.  Smitltson  Tennant  was  engaged  in  the  exatnination  of  the 
black  powder  that  remains  undissolved  when  crude  platina  is 
treated  with  nitro-muriatic  acid,  Dr.  Wollaston  produced  9oda- 
muriate  of  rhodium,  and  presented  it  to  Mr.  Tennant  bs  con- 
taining one  of  the  new  substances  of  which  he  was  in  quest. 
Mr.  Tennant  soon  satisfied  himself  that  it  was  quite  different 
from  his  new  metals.  Upon  this.  Dr.  Wollaston  investigated 
its  properties,  and  gave  it  the  name  oi  rhodiunu  It  has  been 
lately  examined  by  Berzelius.f 

It  may  be  procured  from  crude  platina  by  the  following 
method  of  Wollaston : 

The  platina  was  freed  from  mercury  by  exposure  to  a  red 

*  Sec  Cbenevix's  Inquiries  conccrtiiiig  the  Nature  of  a  Metallic  Subitance 
called  Palladium,  Phil.  Trans.  1803;  and  WoUaston's  PBf>cr  on  a  Kew 
Metal  found  in  Crude  Platina,  Ibid*  1804;  and  on  the  Discovery  of  Patl». 
dium.  Ibid-  1805. 

t  Kong.  Vet.  Acad  Hand.  IS88,  p.  27. 
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aMp.iiL  lieat,  and  from  goldand  other  impurities  by  digestion  ia  a  small 
quantity  of  dilute  nitro-muriatie  add  in  a  moderate  sand  heaty 
till  the  acid  was  saturated,  and  the  whole  was  dissolved,  except 
a  shining-black  powder,  from  which  the  solution  was  separated. 
A  solution  of  sal  ammoniac  in  hot  water  was  poured  into  this 
solution,  in  order  to  separate  the  platinum;  the  greatest  part 
of  which  was  precipitated  in  the  form  of  a  yellow  powder. 
Into  the  solution  thus  freed  from  its  platinum,  a  piece  of  deaa 
adnc  was  immersed,  and  allowed  to  remain  till  it  ceased  to  pro- 
duce any  ferther  effect.  By  the  ^inc  a  black  powder  was  thrown 
down,  which  was  washed  and  treated  with  very  dilute  nitric 
add  in  a  gentle  heat,  in  order  to  dissolve  some  copper  and  lead 
with  which  it  was  contaminated.  It  was  then  washed  and 
digested  in  dilute  nitro-muriatic  acid  till  the  greater  part  was 
dissolved.  To  this  solution  some  common  salt  was  added.  The 
whole  was  then  gently  evaporated  to  dryness,  and  the  residuum 
washed  repeatedly  with  small  quantities  of  alcohol  till  it  came 
,qS  nearly  colourless.  By  this  meana^two  metallic  oxides  are 
washed  off  in  combination  with  common  salt,  namely,  the  oxides 
of  platinum  and  palladium.  There  remained  behind  a  deep 
red-coloured  substance,  consisting  of  the  oxide  of  rhodium 
united  to  conunon  salt.  By  solution  in  water  and  gradual 
evaporation,  it  forms  rhomboidal  crystals  of  a  deep-red  colour, 
whose  acute  angles  are  about  75®.  When  these  crystals  are 
dissolved  in  water,  and  a  plate  of  zinc  immersed  in  the  solution, 
a  black  powder  precipitates ;  which  being  strongly  heated  with 
borax  becomes  white,  and  assumes  a  metallic  lustre.  In  this 
state  it  is  rhodium.  From  WoUaston's  analysis  it  follows,  that 
crude  platina  contains  about  1  part  in  250  of  rhodium. 

Fropertiet.  I.  Rhodlum,  thus  obtained,  is  of  a  white  colour,  not  much 
differing  from  that  of  platinum.  Its  specific  gravity',  according 
to  Mr.  Lowry,  is  10*649.  It  is  britUe,  and  requires  a  much 
higher  temperature  to  fiise  it  than  any  other  metal,  unless 
iridium  be  an  exception.  Vauquelin  was  unable  to  fuse  it  on 
charcoal,  though  the  combustion  was  increased  by  a  jet  of 
oxygen  gas.  Dr.  WoUaston  has  never  been  able  to  fuse  it  so 
completely  as  to  obtain  it  in  a  solid  mass  free  from  cavities. 
Its  fracture  is  granular,  and  in  hardness  it  appears  fully  equal 
to  iron.  Indeed,  when  Dr.  Wollaston  gave  it  to  the  London 
lapidaries  to  cut,  they  informed  him  that  it  was  more  injurious 
to  their  tools  than  the  diamond  itself. 

It  has  the  remarkable  property  of  being  insoluble  in  all  adds. 

oxidet.  II.  From  the  late  researdies  of  Beizelins,  there  is  reason  to 


believe  that  rhodium  eoinbiue8  with  two  proportioDS  of  oxygen, 
and  forms  two  oxides, 

L  ITie  peroxide  may  be  procured  by  precipitating  sodium- 
chloride  of  rhodium  with  caustic  potash,  taking  care  not  to  add 
the  alkali  in  too  great  quantity,  winch  would  redissolve  the  pre- 
ci[iitate.  Yellow  flocks  fall,  which  constitute  the  peroxide* 
AVHien  dried  it  assumes  a  brown  colour,  and  it  cannot  be  freed 
from  the  precipitating  alkali.  When  the  heat  is  somewhat 
strong  it  becomes  black,  Whether  in  this  state  it  constitute 
the  protoxide  is  douhtfuL*  From  the  analysis  of  the  perchlo- 
ride  of  rhodium  by  Berzeh'us,  whicii  will  be  given  below,  there 
is  reiLSon  to  believe  that  the  atomic  weight  of  this  metal  is  6'75, 
and  that  the  chlorine  in  the  two  chlorides  are  to  each  other  as 
I  1  to  1|.  The  oxides  must  be  analogous,  and  of  course  tlie  per- 
oxide will  be  a  compound  of 
i  1    Blxisn  rhodium         .         .         6*75 

t  1|  atom  oxygen  .         1'5 

f     so 


a-25 
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80  that  its  atomic  weight  will  be  8*25. 

2.  When  sulphurous  acid  was  added  to  the  potassium-clih> 
ride  of  rhodium,  a  pale  yellow  powder  gradually  fell,  and  the 
red  colour  of  the  liquid  diminished.  When  this  precipitate  was 
dried  it  became  almost  white,  and  when  heated  gave  out  sul- 
phurous acid  and  oxygen,  and  there  remained  bisulpliate  of 
potash  and  oxide  of  rhodium.  This  salt  seems  to  be  a  com- 
pound of 

1  atom  sulphate  of  potash, 

1  atom  sesquisulphate  of  rhodium. 
AVTien  carbonate  of  soda  is  mixed  with  a  S4jlution  of  this  salt, 
a  gelatinous  oxide  precipitates  of  a  deep  greenish  yellow  colour, 
Thij4  BerzeUus  considers  as  tlie  protoxide  of  rhodium.  But  it 
has  not  been  examined  nor  obtained  in  a  state  of  purity.  The 
protoxide  is  obviously  a  compound  of 

1  atom  rhodium         •         .         6*75 

1  atom  oxygen  .         ,         I 


7-75 

and  it*  atomic  weight  is  7 '75. 

III.  There  are  two  chloriaes  of  rhodium ;  which,  luwevcr,  chiodd-. 


*  I  made  no  experiments  on  the  black  oxide^  not  being  in  poBscasion  of 
enough  of  the  oxide  for  any  triaU. 
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cbn^ni.  }iaye  not  yet  been  obtained  in  an  isolated  state,  but  only  in 
combination  with  chloride  of  potassium  or  sodium,  with  which 
they  unite,  in  the  manner  of  adds.  The  first  of  these  is  the 
sodium-chloride  of  rhodium,  first  obtained  by  Dr.  Wollaston, 
and  described  in  the  beginning  of  this  section.  I  analyzed  this 
salt  a  good  many  years  ago,  and  have  stated  the  result  in  my 
«  First  Principles  of  Chemistry.'*     I  found  the  constituents 


Rhodium 
Chlorine 
Common  salt 
Water 


5-5 

4-5 

7-5 

11-25 

28-75» 


Berzelius  made  two  analyses  of  this  salt,  previously  dried  as 
much  as  possible.     By  the  first  he  found  the  salt  composed  of 

Rhodium  .         •  4-461 

Chlorine       .         .         .4-5 
Conmion  salt        .         .  7-58 


16-541 


By  the  second  analysis  he  obtained 

Rhodium  .         .         4-4605 

Chlorine       •         •         •         4-5 
Common  salt         .         .         7-421 

He  analyzed  also  the  potassium-chloride  of  rhodium,  whidi 
he  foimd  a  compound  of 

Rhodium  ....         4-412  or  6-618 

Chlorine 4-5      or  6-75 

Chloride  of  potassium  .         .  6-309  or  9*464 

This  is  evidently  1^  atom  of  chloride  of  rhodium  united  to  one 
atom  of  chloride  of  potassium.  These  analyses  agree  so  nearly 
with  each  other  that  they  are  certainly  very  near  the  truth.  As 
there  is  another  chloride  of  rhodium,  in  which  the  chlorine  is 
to  the  quantity  united  to  the  rhodium  in  the  preceding  analyses 
as  two  to  three,  there  is  every  reason  to  consider  these  as 
compounds  of  1  atom  rhodium  and  1^  atom  chlorine.  If  this 
be  the  case  the  atomic  we%ht  of  rhodUum  will  be  by 

•  See  "  First  Principles,"  p.  462. 
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Ist  analysis 
2d 

ad 


6-69 
6*69 
6-618 

3)19-998 
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Mean  6^666 
But  as  the  common  salt  in  the  second  analysis,  and  the  chloride 
of  potassium  in  the  third,  are  less  than  the  atomic  quantities,  there 
is  reason  for  sui^pectiug  a  slight  excess  of  chlorine  in  these  salts, 
which  would  tend  to  sink  the  atom  of  rhodium  a  little  below 
the  truth.  Thi&  is  the  reason  why  I  have  pitched  upon  6*75 
as  a  number  that  must  be  very  near  the  truth. 

2,  Wlien  the  peroxide  of  rhodium  is  digested  in  muriatic  acid 
without  tlie  application  of  any  artilicia!  heat,  a  red  solution  is 
obtained,  and  there  remains  a  grayish-red  powder,  which  when 
driedy  coheres  together,  autl  bears  a  moderate  heat  without 
decomposition.  Ber/elius  lias  show^n  it  to  be  a  compound  of 
4-5  chlorbie  and  6-75  rhodium.  We  see,  therefore,  that  it  is 
protochloride.  This  analysis  corroborates  tlie  propriety  of 
assuming  6*75  for  the  atomic  weight  of  rhodium. 

IV,  The  other  compounds  of  rhodium  with  simple  bodies  still 
remain  unknown. 

Though  rliodium  be  insoluble  in  acids,  and  though  its  oxide 
obtained  by  heat  is  also  nearly  insolut>le,  Berzelius  has  sho\i^ 
that  it  may  be  dissolved  by  ignition  in  a  covered  platinum  cru- 
cible along  with  bisulphate  of  potaf^h*  By  this  means  it  may 
be  separated  from  platinum  and  iridium,  ralladium  is  soluble 
likewise  in  bisulphate  of  potash.  But  if  the  two  metals  be 
reduced  to  the  metallic  8t;ite  by  a  current  of  hydrogen  gas,  aqua 
regia  will  dissolve  tlie  palladium  and  leave  the  rhodium, 

V.  Rhodium  unites  readily  with  sulphur,  and,  like  palladium, 
is  rendered  fusible  by  it ;  so  also  is  it  witli  arsenic.  The  arsenic 
nr  sulphur  may  be  expelled  by  means  of  heat ;  but  the  metallic 
button  obtained  does  not  become  malleable. 

VL  The  foiloMing  are  the  result  of  tlie  experiments  made 
by  Dr.  Wollaston  to  alloy  rhodium  with  other  metals, 

**  It  imites  readily  with  all  metals  that  have  be  en  tried,  except- 
ing mercury ;  and  with  gold  or  silver  it  forms  very  malleable 
alloys,  that  are  not  oxidized  by  a  high  degree  of  heat^but  become 
incTUsted  with  a  bkick  oxide  when  very  slowly  cooled. 

^^  When  4  [larUof  gold  are  united  with  1  of  rhodium,  altliough 
the  alloy  may  assume  a  rounded  form  under  the  blowpipe,  yel 
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<**»«>■   it  seems  to  be  more  in  the  state  of  an  amalgam  than  in  com- 
plete fusion. 

"  When  six  parts  of  gold  are  alloyed  with  one  of  rhodium, 
the  compound  may  be  perfectly  fused,  but  requires  far  more 
heat  than  fine  gold.  There  is  no  circumstance  in  which  rho- 
dium differs  more  from  platina  than  in  the  colour  of  this  alloy, 
which  might  be  taken  for  fine  gold  by  any  one  who  is  not  very 
much  accustomed  to  discriminate  die  different  qualities  of  gold* 
On  the  contrary,  the  colour  of  an  alloy  containing  the  same 
proportion  of  platina  differs  but  little  from  that  of  platina.  This 
was  originally  observed  by  Dr.  Lewis.  '  The  colour  was  still 
so  dull  and  pale,  that  the  conq>ouBd  (5  to  1)  could  scarcely  be 
judged  by  the  eye  to  contain  any  gold.'* 

<<  I  find  that  palladinm  resembles  platina  in  this  property  of 
destroying  the  colour  of  a  large  quantity  of  gold.  When  1  part 
of  palladium  is  united  to  6  of  gold,  the  alloy  is  nearly  white. 

^*  When  I  endeavoured  to  dissolve  an  aJOioy  of  silver  or  of 
gold  with  rhodium,  the  rhodium  Temaiaed  untouched  by  aither 
nitric  or  nitro-muriatic  acids ;  and  ^en  rhodium  had  been  fused 
with  arsenic  or  with  sulphur,  or  when  merely  heated  by  itself 
it  was  reduced  to  the  same  state  of  insolubility.  But  when  I 
part  of  rhodium  had  been  fused  with  d'parts  of  bismuth,  of  cop- 
per, or  of  lead,  each  of  these  alloys  could  be  dissolved  com- 
pletely in  a  mixture  of  2  parts,  by  measure,  of  muriatic  acid 
with  1  of  nitric.  With  the  two  former  metals,  the  proportion 
of  the  acids  to  each  other  seemed  not  to  be  of  so  much  conse- 
quence as  with  lead ;  but  the  lead  appeared  on  another  account 
preferable,  as  it  was  most  easily  separated  when  reduced  to  as 
insoluble  muriate  by  evaporation.  The  muriate  of  rhodium  had 
then  the  same  colour  and  properties  as  when  formed  from  the 
yellow  oxide  precipitated  from  the  original  salt"-f 

Mr.  Stodart  and  Mr.  Faraday  foimd  that  rhodium  and  steel 
could  be  melted  together  in  any  proportion.  Equal  parts  of 
these  two  metals  gave  a  button,  which,  when  polished,  exhibited 
a  surface  of  the  most  exquisite  beauty.  It  was  the  finest  imagin- 
able for  a  metallic  mirror,  did  not  tarnish  by  long  exposure,  and 
had  a  specific  gravity  of  ^-176.$  TTiis  was  an  alloy^composed 
neariy  of 

2  atoms  steel  •         •         7 

1  atom  rhodium  •         .         6*75 

♦  Lewis's  Phil.  Com.  p.  52S. 

f  See  Dr.  Wollastori^s  paper,  Phil.  Trans.  1804. 

t  Phy.  Trans.  ISSS,  p.  666. 
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Dr.  Wo!  last  on  mad^  nilver  pens  tipped  with  rhodhim,  which,    *^^'y^ 

from  the  great  hardness  of  that  metal,  were  aot  liable  to  be  — 

injured  by  use* 

SECTION  v.— OF  IRIDIUM. 

This  metal  wm  discovered  by  Mr.  Smitlison  Tennant  in  1 803;  uutor^. 
but  before  he  communicated  the  result  of  Ids  experiments  a 
dissertation  was  published  on  it  by  Deseotils  in  tlie  Annales  de 
Chimie.  who  bad  made  the  same  discovery ;  and  the  subject 
was  afterwanls  prosecuted  more  in  detail  by  Vauquelin  and 
Fourcroy. 

When  crude  platina  is  dissolved  in  nitro-murintic  acid,  espe* 
cially  if  the  acid  be  dilute,  and  only  a  ino<lerate  heat  applied, 
there  remains  behind  a  quantity  of  black  shiniiijy^  powder  in 
small  scales,  which  preceding  chemists  had  mistaken  for  black 
lead.  Mr.  Tennant  examined  tliese  scales,  found  their  specific 
gravity  to  be  10'7,  and  tliat  they  consistetl  of  two  tniknown 
metals  united  together.  The  first  of  these  metals  he  caUed 
tVirfii/i/i,  from  the  variety  of  colours  which  its  solutions  exidbtt ; 
to  the  second  he  gave  the  name  of  osmutntj  from  the  peculbr 
smell  by  which  its  oxides  are  distinguished, 

Dr,  WoUaston  discovered,  tliat  in  crude  platina  there  e!x!stB 
another  substance  very  similar  to  the  grains  of  platina  in  appefir<* 
ance,  but  diifering  altogether  in  its  properties.  It  consists  of 
flat  white  grains,  often  distinctly  foliated.  They  are  not  solu- 
ble in  any  acid,  and  their  specific  gravity  is  no  less  than  19*25, 
which  is  higher  tlian  that  of  any  other  mineral;  the  grains  of 
platina  by  the  trials  of  this  accurate  cliemist  not  exceeding  17 '5. 
These  metallic  grains  are  separated  when  the  platina  is  dissolved 
in  nitro-muriatic  acid.  Dr.  WoUitston  has  ascertained  tliem  to 
be  a  compound  of  iridium  and  osmium.  They  are,  therefore, 
of  the  same  nature  with  the  black  powder  examined  by  Mr. 
Tennant. 

To  separate  the  two  metals  from  each  otJier,  the  black  pow- 
der is  to  be  heated  to  redness  in  a  silver  crucible  with  it*  own 
weight  of  potash,  and  kept  in  that  state  for  some  time.  The 
potash  is  then  to  be  dissolved  off  by  water.  A  solution  is  obtained 
of  deep  orange-colour.  The  portion  of  powder  that  remains 
undissolved  is  to  be  digested  in  muriatic  acid.  The  acid  becomes 
first  blue,  then  olive-green,  and  lastly  deep-red.  The  residual 
powder,  which  hai^  resiste<i  the  action  of  diese  agents,  is  to  be 
treated  alternately  with  potash  and  muriatic  acid,  till  the  whole 
of  it  is  dissolved.     By  this  process  two  solutions  are  obtained : 


4 
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^^^  lu*  first,  the  alkaline  solution,  of  a  deep  orange-colour,  which  con- 
sists  chiefly  of  the  potash  united  to  the  oxide  of  osmium ;  second, 
the  acid  solution,  of  a  deep  red,  which  consists  chiefly  of  the 
muriatic  acid  united  to  the  oxide  of  iridium. 

I.  By  evaporating  this  last  solution  to  dryness,  dissolving  the 
residuum  in  water,  and  evaporating  again,  octahedral  crystals 
are  obtained,  consisting  of  muriatic  acid  united  to  oxide  of 
iridium.  These  crystals  being  dissolved  in  water,  g^ve  a  deep 
red  solution,  from  which  the  iridium  may  be  precipitated  in  the 
[|tate  of  a  black  powder  by  putting  into  the  liquid  a  plate  of 
zinc  or  iron,  or  indeed  any  metal,  except  gold  and  platinum. 
When  heat  is  applied  to  this  powder  it  becomes  white,  and 
assumes  the  metallic  lustre.  In  this  state  it  is  pure  iridium, 
The  metal  may  be  obtained  also  by  exposing  the  octahedral 
crystals  to  a  strong  heat.  Some  other  processes  for  obtaining 
metallic  iridium  are  given  by  Berzelius.  But  they  are  all  dif- 
ficult and  tedious. 

vtqfeMtt,  Iridium  has  the  appearance  of  platinum,  and  seems  to  resist 
the  action  of  heat  at  least  as  strongly  as  that  metal ;  for  neither 
the  French  chemists  nor  Mr.  Tennant  were  able  to  fuse  it, 
Vauquelin  succeeded  in  fusing  a  litde  of  it,  and  found  it  pos- 
sessed of  a  certain  degree  of  ductility.*  Mr.  Children  suc- 
ceeded in  fusing  it  by  means  of  his  immense  galvanic  battery, 
and  found  its  specific  gravity  18*68.f  As  the  globule  was 
porous,  it  is  obvious  that  this  is  considerably  under  the  truth. 
It  resists  the  action  of  all  acids,  even  the  nitro-muriatic, 
almost  completely ;  much  more  than  three  himdred  parts  being 
necessary  of  that  acid  to  dissolve  one  of  iridium.;]:  Some  attempts 
to  take  its  specific  ^vity  in  my  laboratory  indicated  it  to  be  as 
high  as  24*328 ;  but  the  quantity  weighed  was  so  small  that  full 
reliance  cannot  be  placed  in  the  result.  I  infer  from  it,  how- 
ever, that  it  has  a  higher  specific  gravity  than  platinum. 

OxidtM,  II.  The  aflinity  between  iridium  and  oxygen  seems  to  be 

considerable.  When  heated  to  incipient  redness  it  combines 
with  that  principle  ;  but  it  is  again  reduced  to  the  metaUic  state 
by  the  application  of  a  higher  temperature.  Berzelius  has  ren- 
dered it  probable  that  it  combines  with  four  doses  of  oxygen, 
and  forms  four  di£ferent  oxides,  though  he  has  not  succeeded  in 
obtaining  all  these  oxides  in  a  separate  state. 

1.  The  protoxide  maybe  obtained  by  boiling  the  protochk)- 
ride  with  a  concentrated  solution  of  caustic  potash.  The  protoxide 

•  Ann.  de  Chim.  Jxxxix.  240.  f  P*»il-  Trans.  1815,  p.  370. 

t  Fourcroy  and  Vauqudin,  Ann.  de  Chim.  I.  22. 
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separates  in  the  state  of  a  hhtck  powder,  which  is  scarcely  acted 
oa  by  acids,  tlioiigh  it  com  muni  cat  es  to  them  aliglit-greeneolour,  . 
Tlie  alkaline  ley  becomes  first  purple  and  at  last  hiue^  owing, 
itT  the  opinion  of  Berzeliuii,  to  tlie  small  portion  of  oxide  held 
in  solution,  absorbing  an  additional  quantity  of  oxygen*  Tlii» 
protoxide  may  be  obtained  in  the  state  of  hydrate,  by  precipi- 
tating the  protochloride  of  iridium  with  carbonate  of  pota&lu 
The  hydrate  is  a  bulky  greenish-gray  matter.  An  excesa  of 
carbonate  of  potash  redissolves  this  precipitate.  This  hydrate 
dissolves  in  aciik  when  assisted  l>y  heat,  tuid  forms  salt**  of  iridium. 
From  the  analysis  of  sevenil  donlde  chlorides  of  iridium,  to 
be  stilted  immediately,  and  made  by  Berzelius  witli  great  care, 
there  is  reajson  to  believe  that  the  atomic  weight  of  iridium  is 
12-25,     The  protoxide  of  iridium  is  probably  a  eompooiid  of 


8«ct.V. 


I  atom  iridium 
1  atom  oxygen 


12-25 
I 

13-25 


i 


2*  Se^quiaaide  of  iridium  may  be  obtained  by  mbcing  the 
potass!  um-btcblortde  of  iridium  with  it^sown  weight  of  carbonate 
of  potash,  and  heating  the  mixture  in  a  close  vessel  to  incipient 
ignition,  taking  care  not  to  elevate  the  temperature  loo  high, 
w*hich  wouhl  ocausion  the  expulsion  of  the  carbonic  acid,  and 
the  combination  of  the  oxide  with  the  alkali.  When  the  saline 
mass  is  dissolved  m  Imiling  water,  and  filtered^  it  leaves  on  tlie 
filter  a  blacki^h-blue  powder,  which  is  the  sesquioxide.  When 
washed  with  pure  water  it  passes  through  the  filter.  It  should 
therefore  be  washed  with  a  solution  of  sal  ammoniac,  the  hist 
traces  of  which  may  be  driven  off  by  licat.  In  this  state  it  is 
tiot  soluble  in  acids.  Hydrogen  decomposes  it  without  the  aid 
Iff  heat,  and  reduces  it  to  the  metallic  state.  When  mixud  with 
H  combustible  body,  and  heated,  it  is  decomposed  mth  a  strong 
detonation. 

When  the  sesquichloride  of  iridium  is  precipitated  by  an 
alkali,  tlie  sesquioxide  generally  falls  in  the  state  of  a  hydrate* 
It  is  then  dark-brown  and  dissolves  in  acids  forming  salts,  the 
solutions  of  which  resemble  a  mixture  of  venous  blood  and 
water. 

Tliis  oxide  is  also  formed  when  metallic  iridium  is  calcined 
with  a  mixture  of  potash  and  nitre,  A  dark  bro^ii  matter  is 
obtained,  which  dissolves  in  water,  and  communicates  a  fine  dark 
yellowish-brown  colour.     In  this  compoujid  the  sesquioxide  is 
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caiiv.  nL   very  easily  changed  into  protoxide.    This  sesquioxide  has  been 
analyzed  by  Berzelias,  and  shown  to  be  a  compound  of 
1    atom  iridium        •        .         12-25 
1^  atom  oxygen        .        .  1*5 

13-75 
a  Binoxide.  Berzelius  has  not  been  able  to  obtain  this 
oxide  in  a  separate  state,  though  analogy  leaves  little  doubt  of 
its  existence.  It  would  appear  to  possess  acid  characters ;  for 
it  combines  with  alkalies,  and  cannot  be  separated  from  them  by 
acids.  From  the  analogy  of  the  bichloride  there  is  little  doabt 
that  this  oxide  is  a  compound  of 

1  atom  iridium  •         .         12-25 

2  atoms  oxygen        .        .  2 

14-25 
4.  Teroxide  of  iridium  isobtainedby  adding  carbonate  of  potash 
or  soda  to  the  red  potassium  chloride  of  iridium,  free  from  ammo- 
nia. Scarcely  any  precipitate  fisdls  at  first,  but  when  digested, 
a  gelatinous  hydrate  falls,  which,  when  collected  on  a  filter,  is 
brownish-yellow  or  greenish,  and  so  similar  to  the  hydrated  oxide 
of  rhodium,  that  it  is  imposrible  to  distinguish  them  by  their 
appearance  from  each  other.  This  oxide  dissolves  in  muriatic 
acid,  and  when  the  solution  is  evaporated  nearly  to  dryness  it 
becomes  red.  This  oxide  has  not  been  analyzed ;  but  from  the 
analogy  of  the  terchloride  of  iridium,  there  can  be  no  doubt  that 
it  is  a  compound  of 

1  atom  iridium  •         .         12*25 

3  atoms  oxygen         .         .  3 


15-25 
5.  Every  body  that  has  made  experiments  on  iridium  must 
have  remarked  the  blue  coloured  solutions  which  it  yields,  and 
which  Mr.  Tennant  ascribed  to  a  peculiar  oxide.  Berzelius  i» 
of  opinion  that  this  blue  oxide  is  a  compound  of  the  protoxide 
and  sesquioxide,  though  in  what  proportions  has  not  been  deter- 
mined. It  is  analogous  to  the  blue  oxides  of  tungsten  and 
molybdenum, 
cbioridet.  II  I.  Chlorine  and  iridium  have  a  strong  affinity  for  each  other. 

They  combine  in  various  proportions,  as  no  fewer  than  four 
different  chlorides  of  iridium  have  been  examined  by  Berzelius, 
and  which,  from  the  analyses  to  which  he  subjected  several  of 
them,  appear  to  be  composed  as  follows : 
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i.  Chloride  of 
2,  Se$^]uiehloride 
3*  Bicliloride 
4.  Terchloride 


Chloricw, 

1  atom  +  1    atom 

I 

1 


PunUr  V, 
Sect  V. 


+  n 

L  BkMoride,  Tins  chloride  has  not  yet  been  examined  in  a 
state  of  insulation,  but  it  is  easily  obtained  united  with  chloride 
of  potassium.  This  double  chloride  is  formed  when  iridium  in 
fine  powder  is  mixed  with  chloride  of  potassium,  and  heated  to 
incipient  redness  in  a  stream  of  chlorine  gas*  Tlie  saline  mass 
is  soparated  by  water  from  tlie  metallic  iridium,  and  aqua  regia 
being  added  to  the  liquid,  it  is  evaporated  to  dryness.  The 
excess  of  chloride  of  potassium  may  be  washed  out  by  a  little 
water,  as  the  double  chloride  is  insoluble  in  a  solution  of  chlo- 
ride of  potassium.  It  may  then  be  dissolved  in  boiling  water 
containing  a  little  aqua  regia,  and  crystallized.  The  crystals 
are  bhick,  and  constitute  regnlar  octahedrons.  In  powder  it  is 
red.  It  is  insoluble  in  alcohol^  and  may  be  precipitated  from 
its  solution  in  u*ater  by  the  addition  of  that  liquid*  If  pure  it 
dissolves  readily  in  water,  but  not  if  it  contains  an  excess  of 
chloride  of  potassium.  The  solution  is  red ;  but  when  spread 
thin  it  appears  yellow*  It  bears  an  incipient  red  heat  without 
alteration.  In  a  strong  red  heat  it  is  converted  into  a  sesquichlo- 
ride,  and  when  the  heat  is  still  higher,  chlorine  and  chloride  of 
potassium  are  disengaged,  and  metallic  iridium  mixed  with  chlo- 
ride of  potassium  remains.  From  the  analysis  of  this  double 
salt  by  Ber^elius,  it  appears  to  be  a  compound  of 

1  atom  chloride  of  potassium, 

1  atom  bichloride  of  iridium. 
And  the  bicliloride  of  iridium  is  composed  of 
2  atoms  chlorine         •         ,  9 

t  atom  iridium  .  .  12*25 


21-25 


The  potassium  and  ammonium  bichlorides  of  iridium  have  the 
same  figure  and  compo«iition  as  the  corresponding  double  chlo- 
rides of  platinum;  showing  that  iridium  and  platinum  are 
isomorphous  bodies* 

2.  StMquichhride  of  iridium.  This  chloride  may  be  obtained 
by  heating  iridium  with  a  mixture  of  potash  and  nitre,  and  after 
having  washed  it  with  boiling  water,  digesting  the  remaining 
mass  in  muriatic  acid  which  dissolves  a  great  part  of  the  matter, 
and  assumes  a  blackish-brown  colour.     Evapomte  the  solution 

U  2  Y 
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n^  to  dryness,  and  digest  the  dry  residue  in  alcohol,  which  dis- 
-^  solves  the  sesquichloride.  It  may  be  obtained  ako  by  heating 
iridium  in  chlorine  gas.  Thus  formed  it  is  insoluble  in  water. 
And  it  becomes  insoluble  however  obtained,  if  the  solution  be 
evsfporated  to  dryness,  and  the  residue  be  exposed  to  as  high  a 
temperature  as  it  can  bear  without  decomposition.  The  colour 
of  the  bichloride  and  that  of  the  sesquichloride  is  very  nearly 
the  same,  differing  only  in  shade. 

Potassium  sesquichloride  of  iridium  may  be  obtained  by  mixing 
iridium  in  fine  powder  with  potassium  bichloride  of  iridium,  and 
heating  the  mixture  in  a  glass  retort  to  redness.  No  fusion 
takes  place.  The  salt  is  to  be  dissolved  in  water  to  separate 
the  uncombined  iridium.  On  evaporating  the  solution  a  little 
potash  bichloride  of  iridium  first  separates  in  crystals.  The 
residual  liquid  being  decanted  off  and  slowly  evaporated  does 
taot  yield  regular  crystals.  The  salt  is  a  dark  yellowish-brown, 
with  sometimes  a  shade  of  blue  or  gpreen.  It  is  almost  insoluble 
in  alcohoL  Berzelius  analyzed  it,  and  obtained  in  two  separate 
iuialyses 


Chloride  of  potassium     . 

914    . 

.     8-76 

Chlorine      . 

6-75     . 

.     6-75 

Iridium 

9-14     . 

.     8-76 

It  appears  evident  from  these  analyses  thatthe  atom  of  iridium 
was  combined  with  1^  atom  chlorine.  The  salts  were  not  pure, 
nor  from  the  mode  of  forming  them  could  they  be  so.  Hence 
the  reason  why  the  quantity  of  chloride  of  potassium  was  a 
little  deficient.  It  is  obvious  also  that  there  was  a  slight  excess 
of  clilorine  in  the  first  salt  analyzed,  and  a  still  greater  in  the 
second.  Still  the  analyses  came  near  enough  the  truth  to  leave 
no  doubt  respecting  the  nature  of  the  chloride  of  iridium  con- 
tained in  it. 

3.  Chloride.  When  iridium  obtained  by  reducing  the  double 
chlorides  by  means  of  a  stream  of  hydrogen  gas,  is  exposed  at 
an  incipient  red  heat  to  a  stream  of  chlorine  gas,  it  swells  up, 
'and  is  converted  into  a  light  powder  of  an  olive-green  colour, 
and  the  additional  weight  corresponds  to  an  atom  of  chlorine. 
The  chloride  formed  therefore  is  a  compound  of 
1  atom  chlorine         .         .  4*5 

1  atom  iridium  .         .         12*25 
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"I'his  chloride  is  insoluble  in  water. 
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Boilinji^  muriatic  acid  dissolves  a  very  little  of  it,  and  acquires 
a  greenish  colour.  Aqua  regia  Imrdly  acts  upon  it.  But  if 
we  decompose  it  by  pot^L^h,  and  then  digejiit  the  oxide  separated 
in  muriatic  acid,  tlie  chh^ride  is  again  formed  and  dissoK'es  in 
the  excess  of  the  muriatic  acif!.  Tbe  colour  of  the  solution  is 
a  mixture  of  brown,  yellow,  and  green.  When  the  solution 
is  concentrated  by  evaporation  it  becomes  yellow,  and  when 
evaporated  to  dryness  it  leaves  a  trmisparent  yellow  matter, 
which  dissolves  io  a  little  hot  water,  but  becomes  muddy  when 
much  diluted.  It  seema  to  be  a  solution  of  chloride  of  iri- 
dium in  muriatic  acid*  This  chloride  also  combines  with  the 
alkaline  chlorides,  and  forms  double  salts  having  a  greeo 
colour. 

4,  TercUoride  of  iridium*  This  chloride  has  only  been 
obtained  in  combination  with  chloride  of  potassium.  When 
the  ore  coniposeil  of  osmium  and  iriilium,  after  fasion  with 
nitre,  has  been  treated  wifh  aqua  regia  and  then  dried,  small 
quantities  of  water,  cautiously  added,  dissolve  out  the  excess  of 
chloride  of  potassium  ;  after  this  whaler  digested  on  it  acquires 
a  rose-red  colour.  The  first  red  solution  being  decanted  off,  and 
a  little  more  water  added,  a  new  red  solution  may  be  obtained, 
and  this  may  be  repeated  several  times.  But  we  must  desist  when 
ever  the  watery  solution  begins  to  assume  a  yellow  colour^ 
The  red-coloured  liquids  being  evaporated  to  dryness,  and  the 
dry  mass  being  digested  in  alcohol  of  0-84  to  dissolve  out  the 
excess  of  chloride  of  potassium,  a  saline  brown  powder  remains, 
which  is  a  poiussium  terchloride  of  iridium.  When  dissolved 
in  water,  and  subjected  to  spontaneous  evaporation,  this  double 
chloride  crystallizes  in  oblique  four-sided  prisms  of  a  ruby-red 
colour,  exactly  similar  in  appearance  to  a  salt  of  rhodium^ 
though  it  does  not  contain  a  trace  of  that  metal.  Thin  chloride 
was  found  by  Be  rz  ell  us  composed  of 


Chlorine 

12-379 

Iritlium 

12-25 

CIttoride  of  potassium 

26-38 

I 


As  an  atom  of  chloride  of  potassium  weighs  9*5,  it  is  obvious 
that  the  salt  consists  of  S  atoms  of  chloride  of  potassium  united 
to  one  atom  of  a  chloride  of  iridium,  composed  of  1  atom  of 
iridium  combined  with  13*19  of  chlorine,  but  9  atoms  of  chlo- 
rine weigh  13-5.  It  is  clear,  therefore,  that  the  chloride  of 
iridium  in  the  salt,  is  a  compound  of 
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q»«p.ii.  8  atoms  cUtorine  .        .         18'5 

1  atom  iridium  .         .         12*25 
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The  deficiency  both  in  the  quantity  of  chloribe  and  cUoride 
of  potassium,  may  be  owing  either  to  an  error  in  the  number 
which  we  have  chosen  to  denote  an  atom  of  iridium,  or  from 
impurities  in  the  chloride  subjected  to  analysis. 

IV.  No  attempts  have  been  made  to  unite  iridium  widi 
bromine,  iodine,  hydrogen,  azote,  carbon,  boron,  silicon,  or 
phosphorus.  It  forms  four  different  combinations  with  sulphur, 
for  each  of  the  chlorides  is  precipitated  by  sulphuretted  hydro* 
gen  gas.  Their  colour  is  a  very  dark  brown,  almost  bladtt 
While  drying  they  are  not  converted  into  sulphates  like  sul- 
phuret  of  platinum.  They  dissolve  more  easily  in  the  hydro- 
sulphurete  than  the  sulphuret  of  platinunL  When  the  sulpha^ 
rets  of  iridium  and  platinum  are  mixed,  nitric  acid  dissolves  th« 
former  with  a  small  quantity  of  the  latter,  and  leaves  sulphuret 
of  platinum  nearly  pure.  When  any  of  the  higher  sulphureti 
of  iridium  are  heated,  sulphurous  acid  and  sulphur  are  g^vea 
out,  and  a  gray  sulphuret  remains  like  that  of  lead,  insoluble  in 
nitric  acid  and  scarcely  in  aqua  regia.  It  is  a  protosulphure^ 
or  a  compound  of  an  atom  of  each  constituent. 

V.  The  following  are  the  results  of  Mr.  Tennanfs  experi- 
ments to  alloy  iridium  with  the  metals : 

AUoyi.  <*  It  does  not  combine  with  arsenic.    Lead  easily  unites  witk 

It :  but  is  separated  by  cupellation,  leaving  the  iridium  up<m 
the  cupel  as  a  coarse  black  powder.  Copper  forms  with  it  a 
very  malleable  alloy,  which,  after  cupellation  with  the  addition 
of  lead,  left  a  small  proportion  of  the  iridium,  but  much  leM 
than  in  the  former  case.  Silver  may  be  united  with  it,  and  the 
compound  remains  perfectly  malleable.  The  mdium  was  not 
separated  from  it  by  cupellation,  but  occasioned  on  the  surface 
a  dark  and  tarnished  hue.  It  appeared  not  to  be  perfectly  com- 
bined with  the  silver,  but  merely  diffused  through  the  substance 
of  it  in  the  state  of  a  fine  powder.  Gold  alloyed  with  iridium 
is  not  freed  from  it  by  cupellation,  nor  by  quartation  with  silver. 
The  compoimd  was  malleable,  and  did  not  differ  much  in  colour 

*  The  chloride  which  I  analyzed,  and  of  which  I  have  given  an  account 
in  my  "  First  Principles,"  p.  475,  was  obviously  this  terchloride ;  and  if  the 
quantity  of  chlorine  which  was  driven  off  by  ignition  betaken  into  consider- 
ation, my  analysis  comes  very  near  the  r^ult  stated  in  the  text. 
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from  pure  gold;  though  the  proportion  of  aUoy  was  rery  con-  Fimiijrv. 
siderable.  If  the  gold  or  silver  is  dissolved,  the  iridium  b  left  ^^^^^ 
in  the  form  of  a  bliurk  powder."* 

Vauquelin  alloyed  this  metal  \inth  lead,  copper,  and  tin.  All 
these  alloys  were  malleable^  and  the  hardneas  of  the  different 
metals  was  greatly  increased  by  the  addition  of  tlie  iridiiiiii>f 

SECTION  VI,— *OF  OSMIUM. 

ThiH  metal  is  always  found  combined  with  iridium,  and  wai  Hiftorr 
discovered  by  Mr,  Tennant  by  the  process  described  in  the  last 
section.  If  three  parts  by  weight  of  the  pulverulent  ore  of 
iridium  be  well  mixed  with  1  part  of  nitre  and  put  into  a  cold 
crucible,  and  the  crucible  be  raised  in  the  open  fire  to  a  good 
red  heat,  until  tlie  ingredients  are  reduced  to  a  pasty  state, 
fumes  of  oxide  of  osrainni  will  be  found  to  arise  from  it.  The 
soluble  parts  of  the  ^mixture  are  then  to  be  dissolved  in  the 
smallest  quantity  of  water  necessary  for  the  purpose,  and  the 
liquid  thus  obtained  is  to  be  mixed  in  a  retort  with  so  much 
sulphuric  add  (diluted  with  its  own  weight  of  water)  as  is 
equivalent  to  the  potash  contained  in  the  nitre  employed;  but 
no  inconvenience  will  result  from  the  use  of  an  excess  of  sul- 
phuric acid.  By  distilling  rapidly  into  a  clean  receiver  for  so 
long  a  time  as  the  osmic  fumes  continue  to  come  over,  the 
oxide  will  be  collected  in  the  form  of  a  white  crust  on  the  sides 
of  the  receiver,  and  there  melting  it  will  nrn  down  in  drops 
beneath  the  watery  solution,  forming  a  fluid  flattened  globule 
at  the  bottom.  When  tlie  receiver  has  become  quite  cold,  the 
oxide  will  !>ecome  solid  and  crystalJize.l 

When  the  ore  of  iridium  in  fine  powder  is  fused  with 
an  alkali,  and  the  fused  mass  is  acted  on  by  muriatic  and 
nitric  acids,  distilled  oxide  of  osmium  passes  over.  The  nitric 
acid  decomposes  the  double  chloride;  and  this  action  is  the 
more  complete  the  smaller  the  quantity  of  muriatic  acid  em- 
ployed.    The  distillation  is  to  be  continued  at  a  heat  below 

•  Sec  Mr.  Tennmit'ii  paper  on  Two  Metals  found  in  the  Powder  recnainiog 
lifter  the  Soliitbn  oC  PUtinUf  Phil.  Trans.  1S04.  Dcflcotils  did  not  succeed 
in  obtaining  it  in  a  separate  state;  but  he  showed  that  the  red  colour  which 
the  precipitates  of  platinum  lonieiiiiies  assume  is  owing  to  the  presence  of 
iridium.  See  his  \mpeT,  Ann*  dc  Chini*  xlvtii.  153.  Fourcroy  and  Vauque. 
lin  confounded  together  the  properties  of  osmium  and  iridium,  ascribing  both 
to  one  tnetol ;  to  which  they  have  given  the  name  of  pime.  See  Ann.  de 
Chiin.  i^lix.  177«  and  L  5.  See  aiso  Berzellos's  paper  in  the  Kong.  Vet. 
Acud.  Handl.  tB28,  p.  62. 

f  Ann  de^Chim.  Ixxxix.  237-        (  Wollaston ;  Phil.  Trans.  1829,  p,  8. 
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^  ro;  boiling  till  a  fourth  part  of  the  liquid  lias  passed  over.  We 
.'  must  then  remove  the  receiver,  otherwise  the  osmium  becomes 
mixed  with  iridium.  To  obtain  the  osmium  from  the  liquor  in 
the  receiver,  the  best  way  is  to  employ  mercury  after  having 
added  to  the  liquid  as  much  muriatic  acid  as  will  be  sufficient 
td  convert  the  mercury  into  chloride.  A  portion  of  the  osmium 
still  remains  in  solution.  To  obtain  it  saturate  the  liquid  with 
ammonia,  evaporate  to  dryness,  and  heat  the  dry  residue  in  a 
retort.  Metallic  osmium  remains,  while  the  mercury  sublimes 
in  combination  with  the  sal  anmioniac. 

The  precipitate  obtained  by  the  mercury  consists  of  chlo- 
ride of  mercury,  an  amalgam  of  osmium,  and  running  mer- 
cury slightly  alloyed  with  osniium.  If  we  put  it  into  a  glass 
tube  blown  into  a  ball,  and  pass  a  current  of  dry  hydrogen  gas 
over  it  while  heated  by  a  spirit  lamp,  mercury  and  chloride  of 
mercury  sublimes,  and  metallic  osmium  remains  behind.  It 
has  tlie  form  of  a  black  powder,  which  acquires  the  metallic 
lustre  when  burnished.  To  obtain  it  in  a  compact  mass,  let 
ihe  oxide  be  volatilized  along  with  a  current  of  dry  hydrogen 
gas,  and  made  to  pass  through  an  inch  of  glass  tube  heated  to 
-redness.  A  kind  of  combustion  takes  place,  and  the  osmium 
forms  in  the  hot  part  of  the  tube  a  compact  metallic  ring.* 

I.  Osmium  obtained  in  this  way  has  a  strong  metallic  lustre, 
and  a  white  colour  resembling  that  of  ore  of  iridium.  Its  spe- 
cific gravity  is  10.  It  dissolves  slowly  in  nitric  acid.  In  aqua 
regia  it  dissolves  rapidly,  and  so  does  it  in  fuming  nitric  acid 
when  assisted  by  heat.  When  in  a  state  of  great  division,  it 
takes  fire  and  burns  at  a  red  heat.  When  in  a  compact  state, 
the  oxidizement  goes  on  very  slowly.  This  metal  is  not 
altered  by  exposure  to  the  air  at  the  common  temperature. 

BerzeUus  has  shown  by  a  careful  analysis  of  the  potassium 
-  bichloride  of  osmium,  that  the  atomic  weight  of  this  metal  is 
very  nearly  12*5. 

II.  From  the  experiments  of  Berzelius  it  appears  probable 
that  osmium  unites  with  5  different  doses  of  oxygen,  and  forms 
5  different  oxides ;  though  two  of  these  have  not  yet  been 

.  obtained  in  a  separate  state. 

oxidd.  1.  Oxide,  It  may  be  obtained  by  treating  the  potassium 

chloride  of  osmium  with  caustic  potash.    The  solution  does  not 

become  muddy  immediately ;  but  in  a  few  hours  a  deposite  of 

the  hydrated  oxide  falls  of  a  very  deep-green  colour,  indeed 

*  Berzelius;  Kongl.  Vetens.  Acad.  Handl.  1828,  p.  SO. 
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almost  black,     The  alkali  sfill  keeps  a  portion  in   solution,    F^mUyv. 
wliieli  gives  the  liquid  a  ^reeii  colour ;  and  the  liydrate  contains 


a  portion  of  potash  which  cannot  be  removed  by  washing.  It 
dissolves  sbwly  in  aeiils,  eommuiiicatino^  a  hlacki^sh  green  colour 
like  the  saltn  of  ijridinm.  Nitric  acid  dissolves  it  without  the 
application  of  heat,  and  when  evaporated  to  dryness  leaves  a 
greenish-coloured  transparent  varnish.  Tlie  sulphate  becomes 
almost  black  when  dried.  The  phosphate  has  the  same  colour, 
and  iis  soluble  with  difficulty.  Muriatic  acid  dissolves  it,  and 
assumes  a  deep  greenlsh-bro\ni  colour.  When  the  hydrate  is 
heated  in  a  close  vessel  it  gives  out  water,  hut  does  not  sublime* 
I  It  detonates  with  combustibles.  It  is  composed  of 
L  t  atom  osmium  .         .  12-5 

L  I  ati>m  oxvijreu  ,         ,  1 

K 


10*5 


2.  Seitquoxide,    This  oxide  lias  not  been  examined,    Berze- 
lius  considers  the  deep-blue  powder  from  osmium  to  he  a  com- 
pound of  the  oxide  and  sesquoxide.     But  no  evidence  Iuls  been 
adduced  in  support  of  this  opinion.    The  sesquoxide,  supposing 
I      it  to  e.\]st,  is  a  compound  of 

L  1    atom  osmium        .         •  12'5 

I  1^  atom  oxygen         .         •  1*5 

I     sail 

I     bori 
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9.  Bitioxide.  This  oxide  may  be  obtained  by  treating  a 
saturated  solution  of  pot-assium  bichloride  of  osmium  with  car- 
bonate of  soda.  At  first  the  liquid  appears  unaltered,  but  after 
^ome  time  it  becomes  muddy  and  black,  and  allows  the  hy- 
drated  hinoxide  to  ftill.  Collected  on  a  filter  it  appears  black 
and  contains  alkali,  which  cannot  be  removed  by  washing :  but 
dilute  muriatic  aci<l  carries  it  off  without  attacking  the  oxide. 
When  this  oxide  is  dried  on  the  \*titer-bath,  and  then  heated 
in  carbonic  acid,  it  gives  out  water  and  then  a  little  of  tlie  vola- 
tile oxide.  But  the  oxide  that  remains  after  exposure  to  a  red 
heat  is  still  the  binoxide,  Wlien  thus  obtained  it  is  not  soluble 
in  acids*  Muriatic  acid  w  hen  long  boiled  on  it,  [issumes  a  yellow- 
ish tint.  Vet  it  is  csipable  of  comliiniJig  with  acids,  and  of  form- 
ing a  peculiar  cUiss  of  salti*.     This  oxide  is  composed  of 

1  atom  osmium  •  .  12*5 

2  atoms  oxygen  .         •  2 
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in.  <  4  Qnaieroxide.  By  this  name  the  volatile  oxide  of  osmiiim 
Hiay  be  called,  because  it  contains  4  atoms  of  oxygen.  It  is 
ld>tained  when  osmium  is  burnt,  or  when  we  treat  with  hot 
nitric  add  either  the  double  chlorides  or  the  oxides  of  osmium. 
An  easy  process  for  procuring  it  has  been  given  at  the  begin- 
ning of  this  section.  If  we  heat  osmium  to  redness  in  a  ball 
blown  in  a  barometer  tube,  and  cause  a  current  of  oxygen 
gas  to  pass  over  it,  the  osmium  bums,  and  the  quateroxide  ia 
deposited  at  some  distance  in  the  tube*  It  is  deposited  in  white 
brilliant  crystals ;  sometimes  it  has  a  tint  of  yellow.  It  is  often 
liquid  at  first,  and  on  cooling  assumes  the  form  of  a  crystalline 
mass.  It  dissolves  very  slowly  in  waiter ;  it  may  be  kept  melted 
a  long  time  in  that  liquid  without  disappearing.  The  solution 
is  colourless.  It  dissolves  readily  in  sJcohol  and  ether ;  but  it 
is  reduced  in  the  solution,  and  in  24  hours  is  deposited  in  the 
metallic  state.  Alcohol  and  ether  added  to  the  aqueous  solu- 
tion, occasion  neither  predpitatidn  nor  reduction.  TaUow, 
hi  oils,  and  similar  bodies,  reduce  this  oxide.  K  we  rub  the 
stopper  of  a  bottle  containing  the  aque6us  solution  of  quater- 
oxide of  osmium  with  hog's  lard,  it  becomes  black  firom  reduced 
osmium  in  a  few  hours.  It  may  be  volatilized  in  hydrogen  gal 
without  reduction.  But  when  a  mixture  of  the  vapour  of  this 
oxide  and  hydrogen  gas  is  passed  tiirough  a  red-hot  tube,  the 
osmium  is  reduced.  Sulphuretted  hydrc^en  gas  reduces  it 
without  the  action  of  heat  bneing  necessary.  The  oxide  becomes 
liot  of  itself,  melts,  and  is  volatilized,  so  that  the  sides  of  the 
vessel  are  covered  with  sulphuret  of  osmium. 

The  smell  of  this  oxide  is  strong  and  quite  peculiar,  and 
affords  therefore  an  excellent  character  to  enable  us  to  recog- 
nise the  presence  of  osmium.  If  a  littie  of  it  be  placed  upon 
tiie  edge  of  a  platinum  foil,  and  brought  so  near  the  flame  of  a 
spirit-of-wine  lamp  as  to  heat  the  osmium,  the  part  of  the  flame 
which  rises  above  the  foil  becomes  bright  near,  the  osmium  as 
if  olefiant  gas  were  burning. 

From  an  experiment  by  Berzelius,  it  appears  that  0*275 
gramme  of  osmium  when  burnt  in  oxygen  gas  unite  with  0*09 
of  oxygen,  so  that  12*5  of  osmium  would  combine  with  4*09 
oxygen.  It  ia  obvious  firom  this  tiiat  the  volatile  oxide  of 
osmium  is  a  quateroxide. 

5.  When  gallic  acid  is  dropt  into  the  aqueous  solution  of 
quateroxide  of  osmium,  the  liquid  gradually  assumes  a  deep- 
bliie  colour :  and  in  various  processes,  Berzelius  obtained  a  blue 
sublimate,     '^hese  colours  are  owing  to  the  formation  of  blue 
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oru/e  ofmnnimun  wliidi  Berzelius  considers  as  a  compound  of   P>««Bayi 
oxide  iuid  sesquoxide.    But  he  lias  produced  no  fact  in  support      __ 
of  this  opinion,  except  the  analogy  of  the  blue  oxide  afiridiutgu 

IIL  Osmium  unites  in  as  many  proportiuns  with  chiurine  as  riiU»rid«». 
It  docis  with  oxygen,  and  forin^  as  many  ddoridcs.     These 
hitherto  have  been  only  exfimined  by  Berzelius. 

1.  Chloride.  When  chbrine  fip«is  is  parsed  over  osmium  at 
the  ordinary  tempemture  of  the  atmosphere,  there  i&  no  apjja- 
rent  action ;  but  if  we  heat  the  metal,  tliere  instantly  rise^  from 
it  a  beautiful  dark-groen  subliJimre,  wliich  is  the  chlondc  ^f 
omnium*  If  we  continue  the  j>ii,s6;4ge  of  chlorine  gas  and  the 
heat,  a  red  pulverulent  sublimate  gradually  inake^  iti  appear- 
ance, which  is  the  bichloride  of  ostnium.  If  the  chlorine  gas  be 
moi!iit  the  bichloride  become^s  yellow,  and  gmduidly  crysUllizes, 
fWhen  tlie  bichloride  is  disaolved  in  water,  it  assumes  a  yellow 
colour.  On  adding  a  new  portion  of  water  the  colour  ^  ^ 
to  green,  and  the  smell  of  volatile  oxide  becomes  .  r. 
Soon  after  this  the  colom-  deepens,  and  a  light-blue  flocky  pre- 
cipitate of  metallic  osmium  is  deposited.  We  see  from  thia 
that  the  bichloride  is  decomposed  by  water  into  muriatic  jicid* 
quateroxide,  and  metallic  osmium.  It  ig  eaay  to  sec  that  two 
atoms  of  bichloride,  which  are  composed  of 

2  atoms  osmium, 

4  atoms  chlorine^ 
are  converted  by  decomposing  four  atoms  of  water  int<» 

4  atoms  muriatic  acid, 

!  atom  quateroxide, 

1  atom  metallic  osmium. 
The  chloride  undergoes  the  very  same  decomposititm  when 
mixed  with  water, 

Both  of  these  chlorides  have  the  property  of  combining  with 
chloride  of  potassium,  and  forming  with  it  a  double  salt.  But 
the  first  undergoes  decomposition,  and  deposites  osmium  w  hen 
treated  wuth  alcohol.  The  potassium  bicldoride  may  be  formed 
by  mixing  metallic  osmium  with  chloride  of  potassium,  and 
passing  chlorine  over  the  mixture  when  raised  to  a  red  heat. 
The  chlorine  is  slowly  absorbed,  and  a  red  powder  is  obtained 
wbicli  is  tlie  double  bichloride  in  question.  When  dissolved 
in  water  the  solution  lias  a  yellow^  colour.  By  evaporation  it 
yields  octahedral  crystals  of  a  brown  colour, 

2.  The  sesquiehloride  aiul  terchloride  of  osmium  have  not 
l>een  obtained  in  a  separate  state,  but  Berzelius  has  formed  twt> 
double  chlorides  which  he  considers  as  containing  them,  united 

I,  *2z 
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Chap.  iiL  to  sal  ammoniac.  The  method  of  proceeding  was  this :  A  cur- 
rent  of  oxygen  gas  was  passed  over  a  mixture  of  iridium  and 
osmium,  heated  in  a  glass  tube,  and  the  excess  of  gas  was 
received  in  a  dilute  solution  of  ammonia,  which,  at  the  end  of 
the  process,  was  saturated  with  oxide  of  osmium.  The  ammo- 
niacal  liquid  was  mixed  with  an  excess  of  muriatic  add  and  a 
little  mercury,  and  frequently  agitated  during  48  hours.  When 
the  smell  of  oxide  of  osmium  was  no  longer  perceptible,  the 
whole  was  filtered.  The^colour  of  the  liquid  was  purple  brown, 
and  when  evaporated  to  dryness  it  left  a  daric  brown  salt.  This 
salt  dissolves  in  alcohol  with  a  beautiful  purple  colour  similar 
to  that  of  manganesiate  of  potadu  A  sdt  is  left  insoluble  u 
that  liquid.  It  dissolves  in  water,  and  the  solution  has  a  purple 
brown  colour.  Berzelins  considers  the  first  of  these  salts  as  a 
combination  of  terchloride  of  osmidm  with  sal  ammoniac,  and 
the  second  as  a  combination  of  sesquidiloride  with  the  same  salt 

From  a  comparison  of  the  chlorides  of  iridium  and  osmium  it 
is  evident  that  Uiere  is  a  strildug  analogy  between  them.  Indeed 
iridium  and  osmium  seem  to  be  isomorphous  bodies.  No  chlo- 
ride of  osmium  proportional  to  the  quateroxide  has  been  hitherto 
observed ;'  but  analogy  would  lead  us  to  expect  that  such  a 
chloride  is  likely  to  exist 

IV.  Nothing  is  known  respecting  the  combinations  which 
osmium  may  form  with  bromine,  iodine,  hydrogen,  azote,  car- 
bon, boron,  silicon,  and  phosphorus, 
saiphiureu.  V.  It  has  a  strong  affinity  for  sulphur,  and  combines  with  as 
many  proportions  of  that  body  as  it  does  with  chlorine.  For 
sulphuretted  hydrogen  gas  throws  it  down  from  all  its  solu- 
tions. Even  Uie  double  chlorides  are  thrown  down  by  means 
of  it.  The  red  solutions  are  not  thrown  down  so  easily  as  the 
rest  But  when  the  red  solutions  saturated  with  sulphuretted 
hydrogen  are  left  in  a  well-corked  phial,  a  yellowish-brown 
precipitate  gradually  falls.  The  solution  of  the  binoxide  of 
osmium  is  precipitated  by  sulphuretted  hydrogen  black,  with  a 
shade  of  brown. 

Hydrogen  gas  when  passed  over  the  sulphurets  of  osmium, 
heated  to  redness,  decomposes  them  with  difficulty,  sulphuretted 
hydrogen  gas  being  evolved.     A  portion  of  sulphuret  decom- 
posed in  this  way,  by  Berzelius,  was  found  to  be  composed  of 
Osmium         .         .         12*5 
Sulphur  .         .  4-975 

This  is  obviously  1  atom  of  osmium,  and  2^  atoms  sulphur. 
Hence  the  sulphuret  was  doubtless  a  mixture  or  compound  of 
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FuoOy  V. 
Sect  VI. 


I  atom  biHulptmret  of  osmium^ 
1  atom  tersulpliuret  of  osmium. 

Sulpliuret  of  osmium  obtained  in  the  moist  way  dissolves  in 
nitric  acid  as  easily  a^  siulphuret  of  iri<lium,  aiid  18  converted 
into  sulphate^  winch  is  not  precipitated  by  alkalias  or  their 
carbonates. 

Vh  The  remainbig  compounds  of  this  remarkable  metal  AUoyi. 
remain  sdli  almost  unknown.  Mr.  Teniiant  showed  that  it 
fonned  an  amalgnm  with  mercury*  Heated  with  copper  and 
with  gold  in  a  charcoal  crucible,  it  melted  with  each  of  these 
metab  forming  alloys  which  were  quite  malleable.  These  com- 
pounds were  easily  dissolved  in  aqua  regia^  and  by  distillation 
afforded  volatile  oxide  of  osmium  distinguished  by  its  usual  pro- 
perties. 
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L  VANADiLtikt,  a  r$euf  meiai. 


SiacE  tlie  clmpter,  giving  an  account  of  the  a^udifiable  We»i  in 
the  first  volume  of  this  work,  was  written^  a  new  motal  has  been 
disoorered  by  Mr.  N.  G.  Hi*fstroin,  to  whicli  he  has  given  the  name 
of  Fanadiumy  from  V^ajiadb.  an  appellation  of  Frt* ya,  the  principal 
femali*  dtMty  *>f  aticlent  St-andiuavia, 

IliRmaim  had  given  a  ini^thod  of  di^tt"t*tiiig  cold  «liort  iron*  which 
wa«  this  1  whi*ii  such  iron  if*  di.«»olved  in  muriatic  acid,  it  deposiliv 
a  hlack  powder*  >fr.  Sef»trom  bad  examined,  in  thi«  way,  an  iron 
whi*  li  wiw  not  cold  short,  and  finally,  the  iron  of  Eckerwholm,  and 
fonnd  to  hig  great  surprise,  that  both  yielded  a  black  powder; 
though  tbe  Taberg  iron  is  reckoned  the  tooghent,  and  h4*ft  in 
Sweden,  On  e?taniintng  the  black  powder,  he  found  that  it  ron- 
tallied  silica,  irun»  alumina,  h'nie,  copper,  cobalt;,  and  a  ^ubstanee 
siiDilaTt  ui  juime  respects,  to  chnmiinra^  and  in  others,  to  urHnium. 
A  oomparative  set  of  experiments  sntisfiefl  him  that  it  wa«  ni>t  the 
former,  nor  did  it  agree  in  its  charaetere  witli  uraninm ;  it  was, 
tliereforts  a  new  subijitance. 

The  iron  yielded  it  in  very  minnte  quantity,  so  that  he  oblaiiled 
at  first  only  about  J[d  of  a  grain.  This  induced  him  to  examine 
the  scoria?  from  the  forge,  where  the  iron  had  been  smelted.  From 
t!ds  he  obtained  enough  to  enable  him  to  determine  it-i  pn»pertJeti4 
His  mode  of  extracting  it  from  these  scoria*  wan  as  follows :  Tlie 
scorite  were  pulverized,  till  they  were  fine  enough  to  pass  thnnigh 
a  ooirimon  sieve.  Tliey  could  not  Ik*  made  fine^  beaiuse  they  con- 
tained grain!4  of  iron.  To  get  rid  of  this  obstruction,  they  were 
moistened  with  water,  in  a  porrelain  dish,  and  then  enough  of 
fuming  nitric  acid  was  addeil  to  oxidite  the  iron.  The  porce- 
latii  <lish  WHM  then  put  upon  the  sand  balh,  an*!  stirred  constantlyi 
I  ill  the  ainion  was  at  an  end.  It  is  then  drietl,  hejited  to  redness, 
and  ri^liired  to  a  very  fine  powder;  and,  at^er  being  waahfd,  is 
eolbntcd  on  the  filter,  Mix  every  thrtH>  parts  iti'  those  washed 
•coriie  with  two  parts  of  saltpetres  and  one  part  of  carbooite  of 
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soda,  and  expose  the  mixture  for  four  hoan  to  a  strong  red  heat, 
in  a  covered  vessel  of  iron.  A  solid  matter  is  obtained,  having  a 
compact  and  homogeneoos  appearance.  Reduce  it  to  powder,  and 
boil  it  several  times  in  water,  in  a  silver  vesseL  Saturate  the  fil- 
tered liquid,  as  exactly  as  powible,  with  nitric  acid,  (previously 
deprived  of  its  nitrous  gas  by  boiling.)  In  general,  silica  only 
{nrecipitates.  Should  the  prec^iutate  have  a  brick-red  colour,  indi- 
cating the  presence  of  venadic  acid,  it  must  be  moistened  with 
caustic  ammonia,  and  then  digested  in  boiUng  water. 

The  filtered  liquid  being  neutraliied,  the  venadic  acid  is  thrown 
down  by  acetate  or  nitrate  of  lead.  CoUect  the  precipitate  on  a  filter, 
and  wash  it.  After  having  deprived  ifc.cf  water  by  pressure,  mois- 
ten it  with  muriatic  acid,  and  shake  it  occasionally.  Then  add 
alcohol,  and  keep  the  mixture  fioc  some  time  in  a  temperature 
nearly  as  high  as  that  of  boiling  water.  Tlie  solution  haa  a  bine 
colour,  from  the  chloride  q£  vanadium  which  it  contains.  It  con- 
tains also  phosphoric  acid,  flTn»f"^j  and  jdrconia.  Let  it  be  evapo- 
rated in  a  retort ;  dissolve  the  residue  in  water,  and  treat  it  with 
nitric  acid  to  convert  oxide  of  vanadium  into  vanadic  acid.  Satu- 
rate this  acid  with  carbonate  of  potash,  and  heat  in  a  platinum 
crucible  till  the  whole  is  brou^^  to  complete  fusion.  Dissolve  the 
fused  mass  in  as  little  water  as  possible^  and  put  a  piece  of  sal  am- 
moniac into  the  solution.  Vanadiate  of  ammonia  is  fonned,  which 
precipitates.  Collect  the  predpitate  on  a  filter,  and  wash  it  with 
a  solution  of  sal  ammoniac,  in  order  to  separate  the  phosphoric  acid. 
Then  wash  o£F  the  sal  ammoniac  by  alcohoL 

When  vanadiate  of  ammonia  is  heated  in  the  open  air,  the  ammo- 
nia is  driven  o£F,  and  vanadic  acid  remains ;  and,  when  heated  in  an 
atmosphere  of  carbonic  acid  gas,  it  leaves  oxide  of  vanadium, — ^both 
in  a  state  of  as  great  purity  as  they  can  be  obtained. 

Chromium,  molybdenum,  and  tungsten,  are  the  substances  to 
which  vanadium  has  the  greatest  resemblance. 

To  chromium  it  has  a  strong  analogy.  Both  give  the  same  shade 
of  green  to  fluxes  before  the  blow-pipe.  Both  form  red  coloured 
adds,  the  salts  of  which  are  yellow,  and  whose  solutions,  mixed 
with  adds,  become  deep  red.  But  they  differ  in  this,  that  the 
liquid  containing  chromic  acid  preserves  its  red  colour  when  evapo- 
rated, while  vanadic  acid  either  becomes  colourless  by  heat,  or 
deposites  vanadic  acid  in  the  form  of  a  deep  red  powder. 
•  The  oxide  of  chromium  is  green,  and  insoluble  in  alkalies ;  and, 
when  heated,  becomes  of  a  very  deep  green,  does  not  absorb  oxy- 
gen, and  is  insoluble  in  water,  and  almost  in  acids. — Vanadium  gives 
also  a  green  oxide ;  but  it  is  soluble  in  water  and  in  alkalies.  When 
heated,  it  melts  and  absorbs  oxygen,  and  the  fused  mass  is  soluble 
in  water. 
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Chromic  acid  loses  oxygen  when  hejited.  and  is  i!**ii verted  into 
oxide.  Vanadle  ai-id  be^ns  by  fusing'  into  a  deep  orange  red  liquid, 
which,  at  a  higher  temperature,  \o»g^  a  portion  of  its*  oxygen. 

The  only  firnim**tani'e  in  which  vanadium  resemble**  molyh- 
drnum  i^,  in  fiie  blue  colour  of  certain  of  it«  corohinationa.  But 
these  compounds  are  easily  distingni^ihed  fn»m  the  bhie  comhina- 
lions  of  molybdenum ;  for  the  latter,  treated  by  nmall  portions  at  a 
time  by  fw>ta*h,  lose  their  cohiiir,  and  allow  the  red  tiydriite  of  the 
oxide  of  molybdenum  to  precipitate,  while  the  liquid  becomes 
colourless.  On  the  other  hand,  the  alkalies  precipitate  from  the 
blue  sait.H  of  vanadium  an  oxide  of  a  liglit  gray  colour,  and  if  the 
alkali  be  in  excess,  the  isupcmatant  liquid  is  brown  or  green,  a<'- 
cording  to  the  degree  of  axldiiement 

Tlie  analogy  between  \'7inadium  and  tungsten  ii*  Ktill  less.  Tlie 
blue  combinations  of  that  metiil  have  iro  stability,  it*  oxides  do  not 
combine  with  tlie  acidn,  it^  acid  is  pale  yellow,  and  the  salt^  which 
It  formn  with  the  alkaline  bases  are  colourless.* 

VVohlpr  has  already  found  vanadium  in  the  brown  lead  ore  of 
Zimapan  in  Mexico.  It  was  in  thija  mincrtil  tliat  Del  Rio  thought 
he  had  discovered  a  new  metal — ao  opinion,  which  was  called  in 
question  by  Collet- Descotils,  and  afterwards  by  Del  Rio  himself. 
I  have  been  told  also,  that  Mr.  Johnstone  has  obtained  vanadiiliu 
from  a  specimen  of  leail  ore,  from  %^'anlockhead.  This  Hpecimen 
was  considered  as  arseiiiate  of  lead,  with  the  external  characters  of 
which  it  perfectly  agrees.  It  cjonsisted  of  small  mamillary  globnles 
on  the  surfiu^c  of  quart t,  covered  externally  with  a  whitish  powder. 
The  fracture  of  the  spe^'iraen  is  described  as  crystalline  ;  the  lustre 
is  waxy,  and  the  colour  light  yellow,  scratched  by  the  knife.  It 
is  said,  like  alternate  of  lead,  to  crystallice  in  six-sided  prisms. 
The  spH'ific  gravity  »**  said  also  to  he  nearly  the  same  as  thai  of 
arseniate  of  lead.  The  principsU  differences  between  ranadiate 
and  arseniate  of  lead,  lies  in  the  lustre. 


•  Ann.  de  Chim,  «t  de  Phy«.  ilvi.  IOSl 
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TABLE  I. 


SPECIFIC  OBAVITY  OP  THE  OASES. 


Names  of  Gaao. 

X'^SP: 

WdghtoriOO 

cubic  inches  tai 

gntaM. 

Air 

1- 

3M446 

Hydrogen 

0-0694 

2-1614 

Carbiiretted  hydrogen 

0-5555 

17-3025 

Ammonia 

0-59027 

18-3837 

Carbonic  oxide 

0-9722 

30-2794 

Azotic  gas 

0-9722 

30-2794 

Olefiant  gas 

0-9722 

30-2794 

Deutoxide  of  azote 

1-0416 

32-4402 

Oxygen 

1-1111 

34-6048 

Sulphide  of  hydrogen 

1-1805 

36-6816 

Sesquisulphuret  of  phospl 

Lorus 

1.21527 

37-8491 

Muriatic  acid 

1-28472 

40-0121 

Carbonic  acid 

1-5277 

47-4691 

Protoxide  of  azote 

1-5277 

47-4691 

Phosphuretted  hydrogen 

1-77088 

55-1534 

Cyanogen 

1-8055 

56-2316 

Sulphurous  acid 

2-2222 

69-2066 

Fluo-boric  acid 

2-3611 

73-5355 

Protoxide  of  chlorine 

2-4444 

76-1800  ; 

Clilorine 

2-5 

i     77-8615 

Arseniated  hydrogen 

2-79305 

^     86-9884  1 

Chloro-carbonic  acid 

3-4722 

1  108-1400 

Fluo-silicic  acid 

3-6111 

112-4700 

Hydriodic  acid 

• 

4-34027 

135-1760 

2.    SPECIFIC  GRAVITY  OF  VAPOURS. 


VajK)urs. 


Specific  gra- 
vity  at  (JO^. 


Air         ...         . 
Steam     .         .         .         . 
Hydrocyanic  acid  vaj)our 
Alcohol 
Muriatic  ether 
Bisnilphido  of  (tarbon 
Sulphuric  ether 
Oil  of  turpentine 


1-000 
0-481 
0-912 
1-311 
2-255 
2-376 
2-415 
3-342 


Weight  of  100 

cubit-  inches  at 

OV*  in  gr. 


31-1446 
14-9806 
28-4039 
40-8306 
70-2311 
73-9996 
75-2142 
99-4006 
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Vapoun. 

vltyaldw". 

Wdghtonoo 

cubic  InclMi  at 

Hydriodic  ether 

4-666 

145-3200 

Chloride  of  silicon 

6-111 

190-3250 

Sesqai-chloride  of  arsenic 

6-488 

202-066 

Carbon 

0-4166 

13-0048 

Phosphorus 

Mill 

34-6048 

Solphor           .... 

Mill 

34-6048 

Araenic           .... 

2-6988 

84-0531 

Mercury          .... 

6-975 

217*284 

TABLE  II. 


EXHIBITING  THE  ATOMIC  WEIGHTS  OF  BODIES. 


ATOMIC  wetonriiL 


Hydrogen 

Carbon 

Lithium 

Carbo-hydrogen 

Oxygen 

Boron      .... 

SilieoB      .... 

Carbnretted  hydrogen 

Waler      .... 

Silioel  of  hydrogen 

Aluman^m 

Magaerium 

BicaAaret  of  hydrogen 

Aiote       .... 

Carbonic  oxide 

Oleilant  gas 

Lithia       .... 

Silicet  of  carbon 

Phosphorus 

Sulj^ur 

Silica        .... 

Deuioxide  of  hydrogen 

Ammonia 

Sulphide  of  hydrogen 

Seaqni-hydret  of  phosphorus 

Fluorine 

Glucinum 

Ammonium  ? 

Alumina 

Hydro-fluoric  a<'id 

Calcium 

Magnesia 

Trito-cartH>-hydrogen 


0-125 

0-75 

0-75 

0-875 

1 

I 

1 

1 

1125 

M25 

1-25 

1-5 

1-625 

1-75 

1-75 

1-75 

1-75 

1-75 

2 

2 

2 

2-125 

2-125 

2-125 

2-1875 

2-25 

2-25 

2-25 

2-25 

2-375 

2-5 

2-5 

2-625 


6 

6 

7 

B 

8 

8 

8 

9 

9 
10 
12 
13 
14 
14 
14 
14 
14 
16 
16 
16 
17 
17 
17 
17-5 
18 
18 
18 
18 
19 
20 
20 
21 
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Oxygen  =  1. 

nam. 

SKroonium 

2-76 

22 

Protoxide  of  axote    . 

2-76 

22 

Carbonic  acid 

2-75 

22 

Carburet  of  phosphonu 

2-75 

22 

Solphuret  of  lithium 

2-75 

22 

Alcohol 

2-85 

28 

Sodium 

3 

24 

Boracic  acid 

•  < 

3 

84 

SuJ^hnret  of  boron 

3 

24 

Su^huret  of  silicon 

3-24 

24 

Hydrate  of  silica 

3126 
3-25 

25 
26 

Titanium 

3-25 

26 

ssr.  : 

3-25 
3-25 

26 
26 

Cobalt      . 

3-25 

26 

Fluo-silicic  acid 

3-25 

26 

3-37S 

27 

Hydro-cyanic  acid 

8-376 

27 

Phosphuretted  hydrogen 

3-375 

27 

Iron 

8-6 

28 

Mangane^ 

3-5 

28 

Salphtu-et  of  magiictsiuin 

3-6 

28 

Tetarto-carbo-hydrogen 

3-5 

28 

Lime 

3-5 

28 

Phogphorous  acid 

3-5 

28 

SSreonia 

3-7S 

80 

Dentoxide  of  asote 

3-75 

80 

Sesqui-fluo-silicic  acid 

8-875 

81 

Sulphurous  acid 

4 

88 

Copper 

4 

82 

Tdlurium 

4 

32 

Chromium 

4 

32 

Suboxide  of  manganese 

4 

32 

Soda 

4 

32 

Telluretted  hydrogen 

4-125 

S3 

Bisulphide  of  hydrogen 

4-125 

33 

Zinc 

4-25 

34 

Fluo-boric  acid 

4-25 

34 

Protoxide  of  nickel 

4-25 

34 

Protoxide  of  cobalt 

4-25 

34 

Chlorine 

4-5 

36 

Peroxide  of  sodium 

4-5 

36 

Phosphoric  acid 

4-5 

36 

Peroxide  of  calcium 

4-5 

36 

Protoxide  of  iron 

4-5 

36 

Sulphuret  of  calcium 

4-5 

36 

Protoxide  of  manganese     . 

4-5 

36 

Yttrium 

4-5 

36 

Bihydrate  of  alumina 

4-5 

36 

Oxalic  acid 

4-5 

36 

^H 

■ 

■          1 

1 

^1 

L 

J 

■ 
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Muriattc  a4:id 

4*625 

37 

Formic  acid 

4*625 

37 

SulplitiHc  etker 

4-625 

37 

Hypouitrous  aeid 

4-75 

36 

Sesqni-oxide  of  nitikel 

4-75 

38                         ^ 

Se^qui-oxide  <if  cobalt. 

4-75 

38              ^^f 

Arsenic     .         ♦         .         . 

4-75 

^^H 

Bisulphide  of  carbon 

4-75 

^^H 

Arsenietted  hydrogen 

4-9875 

39-5         ^^H 

Sesqui-phosphuret  of  sulph 

ur 

5 

40             ^^B 

Potassium 

5 

^1 

Proto X  idc  of  chronii  uin 

5 

^^H 

Sesqui^oxide  of  manganese 

5           , 

^^H 

Peroxide  of  iron         ,         , 

5 

^^H 

Snlphnret  of  sodiuin  . 

5 

40          ^^H 

Sulphuric  acid  ♦ 

5 

40             ^H 

Hypo-sulphurous  acid 

i    ^ 

40                    ■ 

Oxide  of  copp*»r 
Oxide  of  tellurium     . 

6 

40                        1 

5 

40           ^^^ 

Selenium 

5 

^^M 

Dihydrate  of  silica     . 

5125 

^^H 

Selenietted  hytjrogen 

» 

5-125 

^^H 

Chloride  of  carbon     - 

5-25 

^^H 

Hexa-carbo-h  ydrogen 

5-25 

^^M 

Titanic  acid 

5-25 

^^H 

Oxide  of  zinc    * 

5-25 

42      _^^H 

Sulphuret  of  nickel    , 

5-25 

42    ^^^^H 

Sulphuret  of  cobalt    . 

5-25 

42    ^^^^H 

Peroxide  of  (Mibalt      - 

5-25 

42    ^^^^1 

Chloride  of  lithium    . 

5-25 

42   ^^^^^H 

Hypophosiphorous  acid 

5-5 

44    ^^^^H 

Strontium 

5-5 

44    ^^^^H 

Chloridi*  of  silicon 

5-5 

44    ^^^^H 

Binoxide  of  manganese 

5-5 

44    ^^^^H 

Protoxide  of  cldorine 

5-5 

44    ^^^^H 

Yttria      .         . 

5*5 

44    ^^^^H 

Sulphuret  of  iron 

5-5 

44    ^^^^H 

Sulphuret  of  manganese 

5-5 

44   ^^^^H 

Nitrous  acid 

5-75 

46  ^^^^H 

Bipho»phuret  of  sulphur 

6 

48  ^^^^1 

Di  chloride  of  carbon 

6 

48   ^^^^H 

Manganeiiic  acid 

6 

48    ^^^^1 

Molybdenmn     . 

6 

48    ^^^^H 

Potash      . 

6 

48    ^^^^H 

Oxide  of  ^^elenium      . 

6 

48    ^^^^H 

Pho«phuret  of  chromium 

6 

48    ^^^^H 

Sulphuret  of  chromium 

6 

48    ^^^^H 

Phosphuret  of  copper 

6 

48  ^^^^H 

Sulphuret  of  copper  . 

6 

^!  ^^H 

Chloride  of  mai^iessium 

6 

48  ^^^^H 

Proto-hydrated  s^nlphuric  acid 

'.        1    6125 

49  ^^^^^H 

^^^1 
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PerhydnUe  of  iron    . 
Hydro-carburet  of  chlorine 
Siilpliiiret  of  sine 
ArteniouB  acid 
Acelk  tmd 
Smci^lnie  fu:td     . 
Cblom-^arbonic  acid 
Se^tii-sulphitret  of  titanium 
Strnntian 
Mellitic  acid 
Seiqui-sulpliiu^t  of  iron 
Cliromic  acid     « 
Protoxide  of  cerium  • 
Chloride  of  sulphur   . 
Chloride  of  phosphorus 
Bisnlphuret  of  calcium 
Palladium 
Rhodium 
Nitric  acid 
Sulphuret  of  arsenic  • 


uum 

Protoxide  of  molybdenum 
Peroxide  of  cerium    . 
Sulpliu  ret  of  potass  i  u  rn 
Chloride  of  calcium    * 
BeleDJOM^^  acid 
Trin-hydrate  of  silica 
Afs^nie  acid 
Bisnlphuret  of  cobalt 
Tin  ... 

Sesqui-sulphuret  of  arsenic 
Citric  acid 

Acetic  acid  crystals   . 
Sesqui -chloride  of  carbon 
Chloride  of  aodtum 
Peroxide  of  strontium 
Bisulphiiret  of  iron    . 
Sulphun^t  of  strontium 
Teroxide  of  chlorine 
Thorium  . 

Se*iqiiisiil|^li(jn't  of  arsenic 
Chloride  of  nickel 
Chloride  of  cobalt 
Oxidu  ofpiUladium    , 
Protoxide  (if  rhodium 
Chloro-cyanic  acid     . 
Cmcontc  acid 
Antimony 
Selenic  acid 
Peroxide  of  potassium 
Chloride  of  iron 


Oxygm  =  1. 

6-25 

6-25 

6-25 

6-25 

6-25 

6-25 

6-25 

6-2d 

6-5 

6-5? 

6-5 

6-5 

6*5 

6-5 

6-5 

6-5 

6-76 

6-75 

6-75 

6-75 

7 

7 

7 

7 

7 

7. 

7125 

7-25 

7-25 

7-25 

7-25 

7-25 

7-375 

7-5 

7-5 

7-5 

7-5 

7-5 

7-5 

7-5 

7-75 

7-75 

7-75 

7-75 

7-75 

7-75 

7-75 

8 

8 

8 

8 


Hydr.  =  I 

49 

50 

50 

50 

50 

50 

50 

50 

52 

52? 

52 

52 

52 

52 

52 

52 

54 

54 

54 

54 

56 

56 

56 

56 

56 

56 

57 

58 

58 

58 

58 

58 

59 

60 

60 

60 

60 

60 

60 

60 

62 

62 

62 

62 

62 

62 

62 

64 

64 

64 

64 


I^BB 

■ 

I 

^^^^^^^H 

L 

] 

^H 
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Oxfgen  -  1    Hyar,  ^  I,                             [ 

CKl«*ndi'  of  manganese       .         .         *        • 

8 

64                        1 

SesquisiilpHuret  of  S4«lenium 

8 

64 

Biftiilplmn't  of  rtipper 

8 

64 

Binoxidi*  *»f  molybdemini 

8 

64 

Gallii-  acid         .         .         .         , 

8 

64                        ' 

Se«i|uifluoride  of  arsenic    . 

8126 

65 

Protoxide  of  tin 

8-25 

66 

Peroxidi'  of  rhoUiuiti 

8-25 

66 

Tartarie  acid 

8-^5 

66                          1 

Yinw  nc'id 

8-26 

66                          1 

Barium 

8-6 

68 

Thoriim 

8-5 

6H 

Dirhloride  of  Hulphyj 

8-6 

as 

C  hi  ori  d**  1 » f  ted  1 II  r  i  um 

8*5 

68 

rhlondi*  of  (Hipper     * 

8-5 

68 

l>isiilpljur**t  of  nicki'l 

8-6 

«8 

Quaten»xide  of  cliloriur     . 

8-5 

6H 

Sesqiiietdoride  of  phosphorus 

&7a 

70 

Chlorid*?  of  tine 

8'73 

70 

Tauiiin      .... 

8-75? 

70? 

Bisinutli    .... 

9 

72 

^lolybdic  acid   . 

9 

72 

Uric  acid 

9 

72 

DisTiIplniret  of  iron    . 

9 

72 

Snboxido  of  copper    , 

9 

72 

Bi Rid  phw ret  of  | iota.***! iu n i    . 

9 

72 

Solphimn  of  caihniiini 

9 

72 

Hyp<isulpl!urie  iw'ui 

9 

72 

P^rfluorido  of  luanganf'se  * 

9-125 

73 

Peroxide  of  tin          * 

9-23 

74 

Sulphuit^t  of  tin 

9-25 

74 

Tartaric  acid  cryttab 

9-375 

75 

Oxido  of  antimony    , 

9-5 

76                        ' 

Chloride  of  mdenium 

9-5 

76                        1 

Oichloride  of  calduni 

9-5 

76 

Citric  atid  cryitalsi 

9-5 

76 

Chloric  Hcid 

9-5 

76 

Chloride  of  |>otag»ium 

9*6 

76 

Baryte*              .         . 

9*6 

76 

Sulphide  of  artenic    . 

9-75 

78 

Selenite  of  anenic     . 

9-75 

78 

Bramine 

10 

80 

Antinionioui!i  acid 

• 

10 

80                         ' 

Oxide  of  biitniirlh 

10 

80 

BiMidphide  of  niohb^U'num 

10 

80 

DiJiiilpliiiret  <if  copper 

lU 

80 

i'hioride  of  Htrontinm 

,   10 

80 

Hydftdiromic  a«*id 

10-125 

81 

SoHftiichloride  of  Inm 

h>2:> 

82 

S«9quiMdphitr4*t  of  tin 

10-25 

82 

Antimonic  acid 

^ 

^ 

10*5 

64 
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1 

OSTsn  =  l. 

Ht*.= 

PerbydnUe  of  iron    .... 

6-S& 

49 

Hydro-carburet  of  chlorine 

6-2d 

M 

Sulphuret  of  sine 

6-25 

50 

ArMniouB  acid 

6-2& 

50 

Acetic  acid 

6-25 

50 

Succinic  acid     . 

6-25 

50 

Chloro-carbonic  acid 

6-25 

50 

Seaqui-sulphuret  of  titaniu 

m 

6-25 

50 

Strontian 

6*5 

58 

Mellitic  acid      . 

6-5? 

W? 

Seaqni-sulphuret  of  iron 

6-5 

58 

Chromic  acid     . 

6-5 

58 

Protoxide  of  cerium  . 

6-5 

53 

Chloride  of  sulphur   . 

6-5 

53 

Chloride  of  phosphorus 

6-5 

53 

Bisnlphuret  of  calcium 

63 

53 

Palladium 

6-75 

51 

lUbodium 

6-75 

54 

Nitric  acid 

6-75 

54 

Suhphuret  of  arsenic  . 
Caiunium 

6-75 

7 

54 

56 

Protoxide  of  molybdenum 

7 

56 

Peroxide  of  cerium   . 

7 

56 

Sulphuret  of  potassium 

7 

56 

Chloride  of  calcium   . 

7 

56 

Sel«iiou8  acid  . 

7 

56 

Tris-hydrate  of  silica 

7-125 

57 

Arsenic  acid      . 

7-26 

56 

Bisnlphuret  of  cobalt 

7-25 

5B 

Tin           ... 

7-25 

58 

Sesqui-sulphuret  of  arsenic 

7-25 

58 

Citric  acid 

7-23 

58 

Acetic  acid  crystals   . 

7-375 

59 

Sesqui-chloride  of  carbon 

7-5 

60 

Chloride  of  sodium    . 

7-3 

60 

Peroxide  of  strontium 

7-5 

60 

Bisulphuret  of  iron    . 

7-5 

60 

Sulphuret  of  strcmtium 

7-5 

60 

Teroxide  of  chlorine 

7-5 

60 

Thorium  .... 

7-5 

60 

Se8quisulj)hiiret  of  arsenic 

7-75 

6S 

Chloride  of  nickel 

7-75 

6i 

Chloride  of  cobalt 

7-75 

62 

Oxide  of  palladium    . 

7-75 

6i 

Protoxide  of  rhodium 

7-75 

6i 

Chloro-cyanic  acid     . 

7-73 

6i 

Croconic  acid 

7-73 

6i 

Antimony 

8 

64 

Selenic  acid 

8 

64 

Peroxide  of  potassium 

8 

64 

Chloride  of  iron 

8 

64 

^ 

■ 

i 
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i 

unmevtLumn. 

■ 

0&»Ri«l    Hydr  =  J. 

UUloridi*  i^f  maniyanef^*       .... 

B 

64 

n 

S€*S(inisnl|)}jun*t  of  sieleriiiiiii 

8 

64 

i 

Bisiilpbiirta  of  i-opper 

d 

64 

^m 

Binoxidt*  i»f  molybdenum 

8 

64 

^H 

Gallii^  aoid 

8 

64 

■ 

S4*8qiiiflimri(h!  of  arscnir     , 

8-125 

65 

^ 

Protoxido  of  tin 

8-25 

66 

Pcroxitlt*  of  rhodium 

8-26 

66 

Tartari**  arid 

8*25 

66 

J 

Vinit'  II*  id 

8-25 

66 

^^^^ 

Barium 

8-5 

68 

^^^H 

Thorina 

8-^ 

m 

^^^H 

IHi^hlnride  of  sidphur 

8'S 

68 

^^^H 

ChlArid»>  of  tellurium 

8'5 

68 

^^^H 

C'ldoridi'  of  tHjppor      . 

8-5 

68 

^^^H 

OiaidpInirH  of  nick**l 

H'5 

68 

^^^H 

Quateroxide  of  thlcirinc     , 

8-5 

68 

^^^H 

Se«<|uii'lilorid€!  of  phosphonw 

8-75 

70 

^^^H 

Ckloridij  4»f  zint' 

8-75 

7(1 

^^^H 

Taimia     .         .         •        . 

8-75? 

70? 

^^^H 

Bismuth    .... 

9 

n 

^^^H 

j^lolybdic  oe'id  , 

9 

72 

^^H 

Uric  acid 

9 

72 

^^^H 

Digulphuret  of  iron    . 

9 

72 

H 

Suboxide  of  coppi»r    . 

9 

72 

^\ 

Binulpbiiret  of  p«»t4i8!jiunj    . 

9 

72 

^^^J 

Sulphurrt  of  cadmium 

9 

72^ 

^^^H 

Hyposulpliuric  ac^id 

W 

72, ■ 

^^^1 

Perfluorido  of  mangant^o  . 

9-125 

73    ■ 

^^^H 

Peroxide  of  tin 

9-25 

74    ■ 

^^^H 

Sulphuret  of  tin 

9-25 

74 '■ 

^^^H 

Tartarif  at  id  crystals 

9-375 

It^'M 

^^^H 

Oxide  of  antixnony     . 

9*5 

76  iH 

^^^H 

Chloride  of  geleniuru 

9-5 

76. ■ 

^^^^1 

Dicbloride  of  taleium 

9-5 

76  :■ 

^^^H 

Citric  acid  cryttals 

9-5 

76    ■ 

^^^H 

Chloric  acid 

9*5 

76    ■ 

^^^H 

Chloride  of  potaaiiium 

9*5 

76    ■ 

^^^1 

Baryte« 

9-5 

76    ■ 

^^^H 

Sulphide  of  areenir 

9-75 

78  .■ 

^^^H 

Selentte  of  arsctnic 

9*75 

78    ■ 

^^^H 

Bromine 

10 

HO    ■ 

j^^^H 

Autimouiouift  luid 

10 

80       — 

^^^^ 

Oxide  of  bt^muth 

10 

80 

Bii«j!phide  of  niolvbdetoini 

10 

80 

• 

Disulphurrt  of  r<ipper 

> 

10 

80 

ChJon<le  of  <itrontiuiM 

10 

80 

^^■1 

Hydniliroinic  aeid 

10-125 

81 

^^^H 

SetMjui chloride  of  iron 

U>25 

82 

^^1 

Sesquisulphiirft  of  tin 

10-2^ 

82 

^^^H 

Antimonic  acid 

^ 

10-5        1    84 

a 
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Chloride  of  molybdeniun 

Pko«plitLret  of  bariiun 

gnlphui^t  of  b&nnni 

Hmoxide  of  bariiuti 

Snlplmret  of  biamulli 

Ter»ulphiir*?t  of  potaafiium 

Setiquifiulphide  of  antimony 

Ckloro-clmiiiiic  acid 

Fmning'  eulpbnric  acid 

Btstilpharet  of  tin 

Black  cast  iron 

Uric  oind  crystals 

Se^quifluondc  of  antimatiy 

Sesqui  chloride  of  argenic 

Batpbo-L^hromic  acid  . 

Perchloric  acid 

Chloride  of  cadmimn 

Chloride  of  tin 

Bisulphide  of  antimony 

Temdphide  of  molybdenmn 

Bromide  of  sulphur  . 

Platinum 

Iridium 

Bichloride  of  titanium 

Mercury 

CMd 

Tungsten 

Osmium 

Bichloride  of  copper 

Quintosulphuret  of  calcium 

Ni^hthaline 

Lead 

Protoxide  of  platinum 

Quat^^rsulpburet  of  potassium 

Fersulphid^  of  antimony 

Chloride  of  b&riwn     . 

Mncic  acid 

P^rwulphuret  of  bismuth 

Oxide  of  iridium 

Oxide  of  mercury 

Oxide  of  gold   . 

Bromide  of  iron 

Chloride  of  bismuth  . 

Camphoric  acid 

Silver 

O^ychloride  of  sulphide  of  carbon 

Protoxide  of  lead 

Peroxide  of  platmum 

SuJphiiret  of  platinum 

Sesqaioxide  of  i^old   , 

BtGfaioride  of  selenium 


Oxygen  ss 

10-5 

10-5 

10-5 

10^ 

11 

11 

11 

11 

11-135 

11-25 

11-25 

11-25 

11-375 

11-5 

11^5 

11^ 

11-5 

11-75 

12 

12 

12 

12 

12-25 

12-25 

12-5 

12-5 

12-5 

12-5 

12-5 

12-5 

12-5 

18 

13 

13 

13 

13 

13 

13 

18-25 

18-5 

18-5 

18-5 

13-5 

18-5 

13-75 

13-75 

14 

14 

14 

14 

14 


[Hydr.s 

84 
84 
84 
84 
88 


88 

88 

90 

81 

92 

•82 

88 

82 

84 

88 

86 

96 

96 

98 

98 

100 

100 

100 

100 

100 

100 

100 

104 

104 

104 

104 

104 

104 

104 

106 

108 

108 

108 

108 

106 

110 

110 

112 

112 

112 

112 

112 
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ATomc  i«»Gim»                          ^1 

Omycffn  ^  1 

HfdfcE^I.                      ,,_■ 

TnMphas|>hnrH  of  copper  *         ,         •         . 

14 

112          ^H 

Quflteniulphifi**  of  ni(>lyl>dt>Tiiiii)  . 

U 

^H 

QiiintoHtilplmret  of  i-opper 

14 

11^           S 

HydrosHlphuroiis  acid 

14-875 

115           ^M 

Sulplinret  of  mercury 

14-5 

^^M 

Se^qiiioxide  of  lew!    . 

14-5 

^^B 

Oxide  of  silver 

14-75 

118          ^^M 

White  cast  iron 

14-76 

118          ^^M 

Seiftfjiii chloride  of  antimony 

14-75 

118          ^^B 

PercWoride  of  manganese  . 

14-75 

^^M 

Brumide  of  pot4i*-iiium 

15 

^^M 

Peroxide  of  lead 

15 

^^H 

Snlphiirei  of  leatl 

15 

120            ^^M 

Bichloride  of  molyMeimni 

15 

120            ^^M 

Sej*qiiiMulphide  of  platiimm 

15 

120            ^^M 

Quill toHulphurrt  of  potasihium 

15 

120            ^^B 

BeiiKoic  acid 

15 

120            ^^H 

BicJdoHde  of  tin 

15-25 

122            ^^B 

Tungislic  acid    .          ,          .          . 

15-5 

124            ^^M 

Ptsrchloride  of  pho^iphorus 

15-5 

124           ^^M 

Sf^qnis^ulphide  of  g'old 

15-5 

124            ^^H 

Tetra-sulphiiret  of  irou 

16 

^^M 

BiHulphidi'  of  platinum 

16 

128            ^^B 

Bromide  of  tiu 

16-25 

^^M 

Bisulphide  of  tiinfj^steii 

16-5 

132           ^^H 

Imlide  of  airhon 

16-5 

^^H 

Chloride  of  platinum 

16-5 

^^B 

Chloride  of  mercury 

17 

136            ^^B 

Chloride  of  jBfold 

17 

136            ^^B 

Se^ui-hromide  of  pho«phonii 

17 

136            ^^B 

Chloriile  of  lead          •         . 

17-5 

140             ^^B 

Hydro-cArhuret  of  iodine  . 

17-5 

^^H 

Iodide  of  sulphur 

17-75 

^^B 

Iodide  of  phosphorus 

17-75 

^^B 

Iodide  of  calcium 

18-25 

146            ^^H 

Chloride  of  silver     * . 

18-25 

146                   ■ 

Quinto-sulphuret  of  harittm 

18-5 

148            ^^B 

Temulpli id e  of  tungsten      . 

18-6 

^^B 

Iodide  of  sodium 

IS-?* 

^^1 

Dtchloride  of  tin 

19 

^^M 

Bichloride  of  bromium 

19 

152            ^^H 

Iodide  of  iron    * 

19-25 

154                    ■ 

Perchl<>ride  of  antimony     . 

19.25 

154            ^^B 

Se*qui-chloride  of  gtAd 

19^5 

^^B 

Terchloride  of  molyhdenum 

19-5 

156             ^H 

Sesqui-hromide  of  arsenic  . 

19-75 

158                ^B 

Quater-chloride  of  axote     . 

19-75 

158                  ■ 

Iodide  of  xinc    , 

20 

160                   ■ 

IimIic  acid 

20-75 

166                   ■ 

Iodide  of  potaasi urn   . 

20-75 

166                   ■ 

1        Bichloride  of  platittum 

^ 

^ 

21 

168                   ■ 
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Oxygen  =  1. 

Hydr.  =L 

Iodide  of  strontiiun            .... 

21-25 

170 

Bichloride  of  tungsten 

21-5 

172 

Suboxide  of  silver 

21-625 

173 

Bromide  of  mercury 

22-5 

180 

Colnmbium       .         .         .         , 

22-75 

182 

Periswlpliide  of  arsenic 

22-75 

182 

Iodide  of  cadmium 

22-75 

182 

Iodide  of  tin     . 

23 

184 

Seaqni-bromide  of  antimony 

23 

184 

Bromide  of  lead 

23 

184 

Bromide  of  silver 

23-75 

190 

Iodide  of  hariiun 

24-25 

194 

Sesqniodide  of  carbon 

24-375 

195 

C^rbiizotic  acid 

24-5 

196 

Iodide  of  bLemntii 

24-75 

198 

Chloriodj<3  acid 

24-75 

198 

Suboxide  of  platinum 

25 

200 

Bibromid^  of  ^elentuni 

25 

200 

8esqQio<lide  of  phosphorus 

25-625 

205 

Columbic  acid 

25-75 

206 

Terchloride  of  tungsten     . 

26 

208 

Uranium 

26 

208 

Dioxide  of  gold 

26 

208 

P^bromide  of  phosphorus 

27 

216 

Disulphuret  of  mercury     . 

27 

216 

Protoxide  of  urauium 

27 

216 

Bibroraide  of  tin 

27-25 

218 

Peroxide  of  uranium 

28 

224 

Siilpburet  of  iiraniuin 

28 

224 

Bigulpbnret  oi'  lead 

28 

224 

Iodide  of  mercury 

28-25 

226 

Sesquiodide  of  arsenic 

28-375 

227 

Iodide  of  lead 

28-75 

230 

Tersulphide  of  columbium 

28-75 

230 

Irididc  of  silvpi" 

29-5 

236 

Dichloride  of  mercury 

29-5 

236 

Dichloride  of  gold     . 

29-5 

236 

Dichloride  of  lead 

30-5 

244 

Red  aiitiniony 

31-5 

252 

Segquioflifle  of  antimony    . 

31-625 

253 

Margaric  acid 

33 

264 

Biniodide  of  phosphorus    . 

33-5 

268 

Oleic  acid          .... 

32-25 

258 

Stearic  acid 

33-25 

266 

Indigotie  acid 

34-125 

273 

Dibromide  of  mercury 

35 

280 

Terchloride  of  cohimbium 

36-25 

290 

D  J  od  i  de  of  mere  nry 

40-75 

326 

Periodide  of  phoqdioni^    . 

41-375 

331 

Trisiodide  ofgoli!      . 

53-25 

426 

Arseniet  of  antimony 

68-75 

550 
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TABLE  III. 

KXHIBITING  THE  ATOMIC  WEIGHT  OF  BODIES  ARRANGED 
A  LPH  ABETIC  A  LL  Y. 


▲TUMIC  Wl 

1  OxygM  e  1. 

■Man. 
Hyit.ml 

Acetic  acid 

625 

50 

in  crystals 

7-375 

59 

Alcohol 

2-875 

S3 

Almniiia  • 

2-25 

18 

A 1  wnR?^^^^ 

1-25 

10 

Ammonia 

2-125 

17 

Ammonium? 

2-25 

18 

Aotimonic  acid 

10*5 

84 

Antimonious  add 

10 

80 

Antimony 

8 

64 

Anenic 

475 

38 

Anenic  acid 

7-25 

58 

Aneniet  of  antimony 

68-75 

550 

Anenietted  hydrogen 

4-9375 

89-5 

Aneniou8  acid  . 

6-25 

50 

Asote       .... 

1-75 

14 

B 

Barium 

8-5 

68 

BarytM    .... 

9-5 

76 

Benxoicacid     .... 

15 

120 

Bibromide  of  selenium 

25 

200 

Bibromide  of  tin 

27-25 

218 

Bicarburct  of  hydrogen 

1-625 

18 

Bichloride  of  bromine 

19 

15S 

molybdenum 

15 

120 

platinum 

21 

168 

selenium 

14 

lis 

titanium 

12-25 

98 

tin 

16-25 

130 

tungsten 

• 

21-5 

17S 

Bih^drate  of  alumina 
Bimodide  of  phosphorus    . 

4-5 

36 

83-5 

S68 

Binoxide  of  barium   . 

10-5 

84 

manganese 

5-5 

44 

molybdennm  . 

8 

64 

Biphosphuret  of  sulphnr    . 
Bismnth    .... 

6 

48 

9 

7S 

Bisulphide  of  antimony 

12 

96 

carbon 

475 

38 

hydrogen 

4125 

33 

molylHlenuni 

10 

80 

I. 

3a 

714 
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Btedlphide  of  tungsten       .         .        •     ;  i'mi.  j 

ATOMIC  Wl 

ncvn. 

Bidolphuret  of  calcium 

• 

1   . 

1    frS 

52 

coWt 

• 

r"    "•- 

7-25 

58 

copper 

• 

8 

64 

iron    . 

• 

.         ■=•'• 

7-5 

60 

platinum 

• 

,      r  > 

16 

128 

potassium 

• 

i  '■    ■'■ 

'9 

72 

tin      . 

, 

.    ■      ' 

jH-25 

90 

Bhiek  cast  iron 

t         • 

,.',       . 

11-25 

90 

Boracio  amd 

» 

"'S 

24 

Boron 

• 

1 

8 

Bromide  of  iron 

• 

13-5       ' 

-itOB) 

lead       . 

• 

is  ■■''•; 

■'i&i> 

mercury 

• 

'.1 

•88.^..... 

iU^) 

potassium 

,         • 

t                ; 

15...-..I.  . 

>«w> 

selenium 

a 

, 

IS  '  ■■• 

iib> 

sOyer     . 

*"••!■   •'. 

2i»75S  • 

IM)) 

sulphur  . 

• 

12 

9b' 

tm 

• 

17-261   ' 

18^ 

C 

-   '.    ■     . 

1        •    V 

€!admium          ...••• 

7       •'' 

1  :.■  »     1     t 

56> 

Calcium    .        . 

2-5 

20» 

Camphoric  acid 

13-5 

108> 

Carhii^otk  nckl 

24'5 

96» 

Carbo-hyclpogpen 

0-87ft 

■  ■.i< 

Carbon     .         . 

0-75 

6 

Carlnmic  acid    • 

2-75 

22 

Carbonic  oxide 

1-75 

14 

Carburet  of  phosj^horus 
Carburett  ed  ny drogen 
Ciist  iron,  black 

2-76 

29 

1 

8* 

11-25 

90 

white 

14-76 

118* 

Chloric  acid 

9-5 

7B 

Chloride  of  azote 

19-75 

158 

barium  . 

13 

108 

bismuth 

13-5 

112 

cadmium 

11-5 

92 

calcium  . 

7 

56 

carbon    . 

5-25 

42 

cobalt     . 

7-75 

62 

copper    . 

6-5 

.   68 

gold        . 

17 

186 

iron 

6 

64 

lead        . 

17*5 

140 

lithium  . 

5-25 

42 

magnesium 

6 

48 

manganese 

8 

64 

mercury 

17 

136 

^^B 

jB 

^^^1 

A1*BBUD1X.                                                71  if                 H 

ATOMIC  wtiovra.                       ^1 

Oxvitffi  =;  1. 

Hydr.  m=  I                  ^M 

Chlorkle  nf  UMiIybclenuni  .... 

iO-5 

84                  ■ 

nickuj     . 

«      * 

7-75 

62            ^^ 

platinum 

16 

^H 

celenium 

9-5 

^H 

•ilicon     . 

5-5 

^^1 

socliiini 

7-5 

^^M 

strontiiini 

10 

^^M 

sulphur 
telltiriuni 

0-5 

^^M 

8-5 

^^M 

t                    tin 

11-75 

^^M 

KtllC 

8-73 

^H 

Ch  brine 

4-5 

^H 

Cblor-it^dit:  nv'ul 

24-75 

^^H 

€1 1  lorn -car  lionk  lurid 

t>'25 

^^1 

CKJonk-ctironiic  acid 

11            1 

^^H 

ChJoro-cyanic  acid 

7-75 

02                  ■ 

Chloro-fiboephiirt^  of  «ulph 

lur 

10-75 

^^M 

Cliniuiir  acid 

6*5 

^^M 

Chromiym 

4 

32                ^M 

Citric  acid 

7-25 

58                   ■ 

Citric  a<Md  crystals 

9-5 

■ 

Cfihah       ... 

.5'25 

26                ■ 

Ctiluiubic  itcid 

25-75 

1206                 ■ 

Columbiiim 

22-75 

182                 ■ 

Cappor      . 

4 

32                 ■ 

Cf«»conic  acid 

7-75 

62                 ■ 

CVanogen 

^•25 

26       ^m 

D 

^^^^H 

Docihydrate  of  chlortae      *         .         .         , 

15-75 

127          ^H 

Detitoxide  of  ajeoI**    . 

8-75 

^H 

hydrogen 

2-125 

17          ^H 

Dihrotnidi^  of  mercury 

135 

280          ^H 

Dtcbloride  of  calcium 

9-5 

76          ^^1 

carKpfi 

0 

^H 

^^        i                   I'ojipi^r 

12-5 

100          ^^1 

^B                               fTOlcl 

S9'5 

886          ^H 

■  *                          lead 

dO-5 

244           ^^ 

^V                         iiK*rcury 

29*5 

236                 ■ 

^^B     1                      sii1|>hiir 

8-5 

68                fl 

^^^ 

J9 

152                H 

^Vl>ihydmt«^  «if  siiic4i 

i^lSl5 

■ 

^H  Di-iodidt"  of  mt^iiyry 

4W5 

236            _^ 

^H  IHoxidi'  c*f  i^ld 

26 

208          ^H 

^H  DiiAtilijhuret  of  <  inimT 

10 

^H 

9 

72                ■ 

■  . .                        lead 

28 

224         ^^ 

^Hi.>                      nickel 

H*5 

^H 

^H                           moreury 

27 

^^M 
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Fluo-boric  acid 
Fluorine 
Floo-silicic  acid 
Formic  acid 
Fuming  sulphuric  acid 

G 


Gallic  acid 
Gludna 
Glucinum 
Gold 


H 

Hexacarbo-hydrogen 
Hydrate  of  alumina 

silica 
Hydriodic  acid 
Hydrobromlc  acid 
Hydroearburet  ivf  chlorine 

iodine 
Hydrocyanir  acid 
Hydrofluoric  acid 
Hydrogen 

Hydro^ulphurous  acid 
Hyponitrous  acid 
Hypopho^horous  acid 
HyposiiIphurousL  acid 
H)rp<»§ulphiinc  aeid 


Indigotic  acid 

Iodic  acid 

Iodide  of  barium 
bismuth 
cadmium 
calcium 
carbon 
copper 
iron 
lead 

mercury 
phosphorus 
potassium 
silver 
sodium 


Oxygen  si 

4-25 
2-25 
d-25 
4-625 
11125 


8 

8-25 
2-25 
12-5 


5-25 

8-875 

8-125 

15-875 

10-125 
6-25 

17-5 
8-875 
2-875 
0-125 

14-875 
4-75 
5-5 
5 
9 


34-125 

20-75 

24-25 

24-75 

22-75 

18-25 

16-5 

19-75 

19-25 

28-75 

28-25 

17-75 

20-75 

29-5 

18-75 


Hydr.-l 


34 
18 
26 
37 
89 


64 

26 

18 

100 


42 
27 
25 
25 
81 
50 

140 

27 

19 

1 

115 
88 
44 
40 
72 


274 
166 
194 
198 
182 
146 
182 
158 
154 
280 
226 
142 
166 
286 
150 


H 
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ATOltir  muuiTT*. 

Oxyt«f>  *=  i  1 

Hfttr.  =^1.            ^^^ 

loJiile  of  MrontiiiiH    .          .          *          .          .          | 

21*26 

170             ^H 

Hulpliiir 

17-75 

^H 

tin 

23 

1H4                    ■ 

zinr 

20 

160                   ■ 

Iodine 

15-75 

126                  ■ 

frktiimi 

12-25 

98            ^^1 

Iron 

.^5 

^^M 

L 

^M 

Li^f]         ....... 

13 

104            ^H 

Ijime         .•♦.•.. 

:>5 

^^1 

[jithia 

1-75 

^H 

LithiuTii     .•..,.• 

a-75 

'^Hi 

M 

^1 

Magnesia 

2-5 

^H 

MHgne«ium 

1-5 

^H 

Manganese 

a-5 

2B           ^^1 

Manfpmefjtif  ftcitl 

6 

^^1 

Marjfarii"  uchl 

dd 

^H 

Mellitio  acid 

6-5? 

^H 

Mercury 

12-5 

100       ^H 

IVfolyUdeniiin     . 

6 

^H 

Molybdic  acid 

9 

^H 

Mucic  acid 

19 

^H 

Muriatic  add     , 

4-G25 

^H 

N 

^1 

Naphthaline      ...... 

!2-5 

^H 

Nickel 

3-25 

^H 

Nilric  aeid 

(r75 

^H 

Nitrous  acid      ...... 

i 

bu^ 

^H 

k       « 

H 

defiant  ^as 

1-75 

^1 

Oleic  acid 

32-25 

258          ^^1 

Osmium 

12-5 

^^1 

Oxalic  acid 

4-5 

^      ^H 

Oxide  of  antimony 

9-5 

^H 

hismuth 

10 

BO           ^H 

cadmium 

8 

64           ^H 

copper 

5 

40                  ■ 

L               gold 

14 

112           _J 

^B                  iridium 

18-5 

106           ^H 

L  "L 

13*5 

108           ^W 

f  IV 

Arr* 

HVIA 

• 
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Oxa40  of  palladium 

"^m'- 

•ita-V 

selenium     .        .  *      . 

6 

48 

silver 

14-75 

118 

teUnrinm    .                 ... 

5 

40 

sine             ....... 

5-25 

42 

Ch^chlorideofsulphide.  of  carbon 

:  lS-75 

110 

Oxygen    . 

1 

8 

P 

..,. 

PaHadinm 

6-76 

54 

Pei^romide  of  phosphorus 

27 

21«  ; 

Perchloric  add 

11-5 

« 

Pevchloride  of  antimony     . 

19-25 

154 

manganese  . 

14-75 

118 

phosphorus . 

15-5 

124 

Perfluoride  of  manganese  . 

9-125 

78- 

Periiydrate  of  iron    . 

6-125 

■  "tftV 

PerkMLide  of  phosphorus     . 

41-376 

d8i> 

Petoxide  of  oalcium  . 

4-5 

sb;^ 

oerium   . 

7     • 

•56^'' 

cobalt     . 

4-75 

38 

iron 

5 

40 

lead 

15 

120 

nickel    • 

4-75 

38 

platinum 

14 

lis 

potassium 

8 

64 

rhodium 

8-S& 

69' 

sodium  . 

4-5 

36 

strontian 

7-5 

60 

tin 

9-25 

74 

uranium 

28 

224 

Persulphimf  t  of  arsenic 

22-75 

182 

bismuth 

13 

104 

Persulphide  of  antimony 

13 

104 

Phosphoric  acid 

4-5 

36 

Ph<»sph<»rou?rf  atMd 

3-5 

28 

Phosphorus 

2 

16 

Phosphuret  of  barium 

10-5 

84 

chromium 

6 

48 

copper 

6 

48 

Phosphuretted  hydrogen 

3-375 

27 

Platininn 

12 

96 

Protochlonde  of  phosphorus 

6-5 

52 

Protohydratt^d  sidphuric  acid 

6-125 

49 

ProtosulphtirM  of  potassium 

7 

56 

Protoxide  of  azote     • 

2-75 

22 

cenum  •         • 

6-5 

52 

dilorine 

5-5 

44 

chromium 

5 

40 

1 

■ 

1 

■ 

1 
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^1 

Oxrsim  =  1 

Hydr.  ==  U 

^^H 

lVat<r\itle  of  cobaJt    ,          ♦          .           .          ♦ 

425 

34 

^^^H 

gfiia    , 

'  13H5 

108 

^^^1 

iron 

45 

36 

^^^1 

lea^l 

14 

112 

^^^1 

man/^ne^e     . 

4'3 

36 

^^^1 

UMKlybdentim 

7 

56 

^^^1 

nickel    , 

4-25 

34 

^^^H 

platinum 

la 

104 

^^^1 

rhodiiiin 

7-75 

62 

^^^1 

Protoxide  of  tin 

S'25 

66 

^^^1 

arniiiuiii 

27 

216 

^^^H 

FiUmA      .         . 

B 

48 

^^^H 

Potus^iuoi 

5 

40 

^^1 

H 

QoateiH^hloride  of  aiote      •         ,         .         , 

I9'7a 

158 

^^M 

Quiitoroxid^  of  ehlortni^      . 

a*5 

68  > 

^^^B 

Q watc rsul  pb uret  of  potajisi um 

13 

104* 

^1 

Quale rsulp)ilde  of  uiolybdenuni 

14 

112' 

^1 

Quiutoiiutpliuret  of  liariujii 

18-5 

148* 

^^^H 

«'4llliUfll 

12%5 

100 

^^^H 

copp«r 

14 

112 

^^H 

potJi«siuin      < 

15 

120 

^^M 

R 

^M 

Red  antimony 

31-5 

252 

^H 

Rhodium 

S 
S«leiiic  acid 

6*75 

54 

H 

8 

64 

H 

Seleniift  of  arsenic     . 

9-75 

78 

^^^H 

Selenietted  hydrogen 

SelentotiH  acid    .... 

3-125 

41 

^^^1 

7 

56 

^^^H 

8el*»niuni  .          ,          .          .         , 

5 

40 

^^^1 

8i»t<|uibromide  of  antimony 

23 

184 

^^H 

arsenic 

I»-75 

158 

^^^H 

phosphorus 

17 

136 

^^^1 

Smq  uichlonde  of  an  t  imon  y 

14^75 

118 

^^^1 

H^                             ansenic 

115 

92 

^H 

^^L                            larbon 

7-5 

60 

^^^H 

[                                    gold            .         . 

(9*25 

154 

^^H 

^_                              iron 

10-5 

84 

^^^^ 

^H                             pho^phonis 

8-75 

70 

^^^^ 

^^fiiitquifluoride  of  antimony 

1 1-375 

91 

^^^1 

arsenic   . 

«*I25 

65 

^^^H 

S^uii1iio*fiilici€  acid 

3-875 

31 

^^^H 

Sat4|uihydret  of  phosphoruii 

',     1 

J2-187^ 

17-5 

^^^1 
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Seiqui-iodide  of  antimony 

OiTgcn  =3  1. 

31-625 

^ 

arsenic 

28-375 

227 

carbon      . 

24-375 

195 

phosphoros 
Seiqnioxide  of  cobalt 

25-625 

205 

4-75 

38 

lead 

14-5 

116 

manganese 
Sesqoipbospbnret  of  snlpbnr 
Ses^nisnlphuret  of  arsenic 

5 

40 

5 

40 

7-75 

60 

iron 

6-5 

52 

selenium 

8 

64 

tin       • 

10-25 

82 

Sesqnisolphide  of  antimony 

11 

88 

gold 

15-5 

124 

platinum 

15 

120 

Silica        .... 

2 

16 

Silicet  of  carbon 

1-75 

14 

bydrogen    . 

1125 

9 

Silicon 

I 

8 

Silver 

13-75 

110 

Soda 

4 

32 

Sodium     . 

3 

24 

Stearic  acid 

33-25 

266 

Strontian 

6-5 

52 

Strontium 

5-5 

44 

Suberic  acid 

12-5 

100 

Suboxide  of  copper    . 

9 

72 

4 

32 

mercury 

26 

208 

platinum 

25 

200 

silver     . 

21-625 

173 

Subsulphurous  acid    . 

3 

24 

Succinic  acid      . 

p 

6-25 

50 

Sulpbide  of  arsenic    . 

9-75 

78 

hydrogen 

2-125 

17 

Sulpho-chromic  acid  . 

11-5 

92 

Sulphur 

2 

16 

Sulphuret  of  arsenic  . 

6-75 

54 

barium  . 

10-5 

84 

bismuth 

11 

88 

boron     . 

3 

24 

cadmium 

9 

72 

calcium 

4-5 

36 

chromium 

6 

48 

cobalt    . 

5-25 

42 

copper   . 

6 

48 

iron 

5-5 

44 

lead        . 

15 

120 

lithium  . 

2-75 

22 

ma( 

apiesium     . 

8-5 

28 

^ 1 

L 

B 

^1 
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1 

Ov%KV(i  =  I 

HjiJr  =  * 

8tilphur«t  of  mAngun(>s«      . 

5*5 

44 

inercury 

14-5 

iia 

nickel     , 

5-25 

42 

plalinuTii 

14 

112 

silicon    . 

a 

24 

gOver 

15-75 

126 

■odium  * 

5 

40 

stronti&n 

7-5 

60 

tin 

925 

74 

uranium 

28 

224 

Kinc 

6-25 

50 

Sulphuric  acid  .         •         *         , 

5 

^^m 

eUier 

4-625 

^^M 

Sulphurous  iu;id 

4 

^^M 

T 

^M 

Taiiuiii •         . 

8"75? 

70?           ^^ 

Tartaric  a«:id 

8-25 

66                   ■ 

Tartaric  acid  cryttak 

9-375 

■ 

Telluretted  hydrogen 

4-125 

33                   ■ 

Tellurium 

4 

32                   ■ 

Torchloride  of  coliimhium  . 

36-25 

290                  ■ 

niolyWriiuiu 

19-5 

156                   ■ 

tlUlg!!;tPTl 

26 

208                   ■ 

Teroxide  of  chlorim* 

7-5 

60                   ■ 

Tt!r«ulphid«  of  celiimbium           , 

28-75 

230                   M 

loolybdeuutn 

12 

96                  ■ 

tungsten     . 

18-5 

148                  ■ 

Terwulphurfft  of  potassium 

11 

68                  ■ 

Tetartocarbo-h  y  drogen 

3-5 

28                  ■ 

Tetra-iidphuret  of  iron 

16 

128                  ■ 

Thorina    ,         .         .         ,         . 

8-5 

68                  ■ 

Thorium 

7-5 

60                  ■ 

Till 

7-25 

■ 

Titanic  acid        .          .         .         , 

5-25 

■ 

Titan  rum            .         .         •         . 

3-25 

■ 

Trishydrate  of  *ilica  . 

7*125 

■ 

Trisiodide  of  gold 

53-25 

426                  ■ 

Trisphosphiux^t  of  copper  . 

14 

112                  ■ 

j     Tritocarbo-hydrogeti 

2-625 

■ 

Tuiig«t«ii           .         • 

12-5 

100                  H 

Tungslic  aetd    .         *         .         . 

13-5 

■ 

^                      Ih  V 

■ 

1     Vinie  acid 

8-25 

M                 H 

1     Unuiiiun ,         , 

26 

SOS                 ■ 

1     Uric  m\d 

9 

■ 

^ 

11-25 

90                  ■ 

722  AFPENDIX. 

W 

Water 

White  cast  iron  .... 

Y 

Yttria 

Yttrium  

Z 

Zinc  •        .        •        •        .        • 

Zirconia 

Zirconium         .         •         •        ' 


ATOMICI 

Oxygen  =  I.  iHydr.  =  I. 


M25 
14-75 


6-5 
4-5 


4-26 
a-75 
2-76 


9 
118 


44 
36 


34 
30 
22 
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Ammonia,  butynte  of,  iL  400 

aunphonteoi;  ii.  3B9 
caproate  of,  IL  400 
cartMuoUte  oC  iL  400 
cartwDateof,  ILaBS 
cfaloro-onniate  of,  iL  841 
chlorcplatinate  of,  iL  834 
cbloro-stannatfeof,  iL  894 
cholesterate  of,  iL  400 
chromate  of,  ii.  391. 
citrate  of,  iL  306 
Golumbate  of,  iL  308 
combinations  oi;  with   anhfdroua 

salts,  iL  806 
composition  of,  L  143 
dichloro.palladiate  of.  iL  838 
fluoborate  of,  IL  856 
fluo.oolumbateof,  iL  864 
fluo.«ilicateof,U.860 
lluo-titaniate  of,  iL  86& 
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ofpboqibonic,  L  240 
lo^ne,  L  7tU-actk»  of  starch  on.  L  *: 

weight  of,  L  81 
Iodine  adds,  IL  196 
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Iodine,  adds  of.  U.  5 
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lodo-staimates,  IL  850 
lodous  add,  i.  83 
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protoxide  of,  salta  of.  Ii.  721 
Iran,  L  479-cxtent  of  Ita  manolaciuie^  L  481- 

bow  smelted,  L  481 

propertlea  of,  L  485 

acetate  of,  IL  575 

ammonUucaibonated  peroacide,  ii  T39 

ammonia-nxalate  of,  ii.  796 

ammooia-photph&te  of,  ii.  782 

ammon>a..phosphated  peroxide,  IL  78S 

ammonlfuseaquisulphatcd  peroxkleo<;& 
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ammonuutulphated  peroxide  of,  IL  73S 

ammonia-vinated  peroxide  of,  11. 801 

and  line,  ammMjniSi^ulphate  of;  U.  756 

anUmooiate  of,  iL  574 

arseniate  of,  iL  572 

bensoate  of,  iL  577 
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bisulphate  of,  IL  568 
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dtrate  of,  IL  576 
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cyanodide  of,  IL  869 
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roeconated,  iL  585 
mcUated,  iL  583 
molybdated,  iL  568 
ocUkinitrated,  iL  S^S 
oxaUtcd.  iL  583 
pentarhromated,  ii.  56^ 
phosphated,  ii.  .^79 
pinated,  iL  585 
potaab.carbQDated.  il  r:? . 
pyromiicated,  &  SM 
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Leudne^U.  161 

LUMvim,  ftuning  liquor  of,  i.  975 

Llme,na6 

aceute  of»  U.  517 
ammonia-carbooateof^  U.  718 
aminonia.malate  of,  il.  801 

ammonia-taitnte  of,  IL  798 
anhydroua-julphaie'oi;  IL  507 

antunonlate  of,  iL  516 

antimooite  of,  IL  516 

aBKQiate  of^  IL  515 

aspartate  of,  ii.  585 

barytea-butyrate  oi;  808 

benxoate  of,  iL  S81 

bicarbonate  of,  U.  519 

binaceUteof,IL518 

binaneniateof,iL515 

biphoaphate  of.  iL  518 

biM»lenite  of,  ii.  515 

boIeUte  of.  iL  588 

borate  of,  u.  515 

burning  of.  L  484,  488 

butyrate  of,  iL  584 

cainphorate  of,  Ii.  588 

caproate  of,  Ii.  5fii 

carbonate  of,  iL  511 

choletterBleof.iL5S4 

chlorate  o^  il  510 

chloride  of,  L  61 

chromate  oi,  IL  516 

citrate  of,  IL  580 

colurobate  of,  iL  516 

crooonate  of,  iL  517 

cyanate  of,  iL  873 

dimaUte  of;  iL  581 

fluo-borate  of,  iL  850 

fluo-columbate  of;  iL  865 

fluo^icate  of,  IL  861 

fluo^tltaniate  of,  iL  806 

formate  of,  ii.  518 

fulminate  of,  iL  878 

Aingate  of,  U.  581 

«llateof,a588 

Eydrated.Milphate  of,  IL  605 

hydro.«aiiKMulph«te  of.  IL  585 

hypophoq>hite  of,  IL  514 

hypoaulphate  of,  U.  508 

hypofulphiteoTILSOB 

lodate  of.  iL  510 

kinate  of,  iL  5SS 

lacUte  of.  il  518 

malate  of,  ii.  580 

manganate  of,  ii.  517 

margarate  of,  iL  523 

meconate  of,  ii.  588 

mellate  of,  iL  518 

molybdate  of,  ii.  516 

mucate  of,  il  581 

muriate  of,  il  813 

nitrate  of,  ii.  500 

oleate  of,  ii.  584 

oxalate  of,  il  517 

phocenate  of,  il  584 

phosphate  of,  il  518 

phosphite  of,  il  514 

pinatc  of,  ii.  5^4 

potash-malate  o^  iL>801 

potash- silicate  o^  iL  784 

potasb-tartrate  of,  iL  7M 

pyrocitrate.of,  ii.  580 

pyromalatc  of,  il  581 

pyromucatc  of,  il  581 

pyrotartrate  of,  il  519 

pyrurate  of,  il.  585 

quaterphosphate,  iL  513 

salts  of,  il  505 

selenite  of,  il  515 

sesquiphosphate  of,  il  513 

silicate  of,  ii.  515 

silvate  of,  il  524 

sinapatc  of,  bsX 

soda.malatc  of;  II  8U8 

8oda.sulphate  of,  il  765 

soda.tartratc  of,  il  800 

stearate  of.  il  583 

suberate  of,  il  583 

subsesqui-arseniate  ct,  iL  515 

Bubsesqui-pboaphate  of,  iL  6U 
e  of,  11581 


Lime,sulpblUof,IL5()0 

sulpbo  naphtfaakte  of;  IL  386 

sulpho-TlBate  oi;  IL  585 

tAateof.lL5IO 

tdlurate  of,  IL  516 

tnngstate  of,  IL  516 

vlnateo<;iL519 

uraniateoi;iL516 

arat«,IL585 

water,  L  437 
Llnseoen,  IL  608 
liquor  •Uieum.lL  483 
Iithaxge,L561 
lithla.  L410 

of,iL4r73 
-snlpbate  of,  IL  751 

ocuTiis 

biborate  of,  IL  473 

Ucarfoonate  ofl  IL  478 

Upbospbate  of;  iL  478 

blsulpbate  of,  U.  471 

borate  o<;  iL  478 

carbonate  of;  IL  479 

cfanMnatc  oC  U.  373 

fluo4)orate  of,  IL'850 

floo-iilkate  of;  IL  861 

gtllate  oL  iL  473 

maJate  of,  IL  473 

mucate  of,  IL  473 

nitrate  of,  11471 

oxalate  o^  IL  473 

phosphate  of,  IL  478 

potash.taitrate  oi;  IL  788 

salts  oC  IL  470 

selenite  of,  IL  473 

iodaoulphate  0^  IL  786 

•oda4artniteo<;iL808 

sulphate  of,  a  471 

tartrate  of,  iL  473 
lithic  add,  il  156 
Lithium,  L  418, 480 

bi«Tiip|yv<?nrb(mattt  qf  tj.  ppff 
chloride  of,  IL  818 
chloroJiydmrgyrBte  oC  IL  887 
flnoride  of,  iL  858 
Bulphoarseniate  of.  IL  914 
■alpha^racnlte  of,  IL  988 
iulpbo-hydrate  of,  IL  008 
MtekMBoljIidate  o^  tt.  931 
Iitrum,L419 
Liver  of  antimony.  L  318 
LixiTia,  L  301 
Lunar  caustic,  IL  708 


Magistery  offaismuth,  iL  606 

Magnesia,  L  448— How  detected,  i.  440 
aceUte  of;  IL  636 
alba,l  446 

ammoniaiOuboaate  of,  IL  776 
ammonia-nitrate  of,  IL  773 
ammonia-oxalate  of,  U.  786 
ammoaia.phosphate  o^  IL  781 
amnionia.pho4»hlte  of,  IL  783 
ammonia^mlpoala  o<;  iL  751 
ammonis  sninhite  oi^  IL  771 
arseniate  of,iL533 
aspartate  of ,  IL  530 
bensoate  of,  IL  538 
biborate  of,  IL  533 
bicartxmate  of,  IL  538 
bimeconate  of,  IL  538 
binarseniate  of.  IL  533 
binoxalate  of,  iL  S36 
biseieratc  o^  a  534 
bitartrate  o^  IL  537 
camphorate  of,  ii.  538 
caicareo-carbonate  o^  tt.  780 
calcareo-nitrate  of;  IL  776 
carbaaotate  of,  iL  530 
carbonateof.  It.  530 
chlorate  of,  ii.  530 
chromate  of,  iL  535 
choiesterate  of,  a  538 
dtrate  of,  a  537 
diphosphate  of,  iL  988 
fluo4)orateai;iL890 
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Bf^uMli,  inoi^adfaite  flfp  IL  IKS 


fliMutltmlAte  ot,  IL  mm 
ftinDileof,llS97 

fUlmlniil*  at.\L9m 
Amgatc  oi,  IL  im 

fifpoiulpbal^  of,  ii.  999 
hypoflulphke  of.  U.  !JW 

lACCate  of,  E  530 

nvucal«  of,  U.  007 
inol>UUtc  of«  ti.  S3& 

bitnte  or,  VL  ae» 

iiltro.«<<c»)4ratc  of,  JL  53U 

oleAte  of,  M,  ;*.'*« 

|^lwi|)hAt«  of,  il  AW 

piilMlwfAilionjitc  of,  II.  771 
pctwH-chmtiuito  of  II.  *im 

poC«*h.Uwtralc  <]#»  U-  TVi 
lalti  of.  It  sets 
■iilcnilc  of,  IL  ^14 

•Uicaie  ot.  tu  AC(4 
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larti  . 
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VilMtr  ut,  II    ii-s. 
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brriirold&  of,  it  ft« 
clilcf«deor.  U.8U 
cflilonw.hT«lraiiy  r 

cshlattMiiUUiutei  ,   .-  _ 
cymodiOif  oT,  IL  mih 
ftiT<M7anodkl»or,  11  fM 
fluoride  ofp  It.  855 
lod)d«  i>A  IL  MO 
Aulpho-anenUte  of.  LL  &|ft 
mlpho^nmiteof,  11.  QBS 
■ulpho-CTWiodidr  of,  IL  ffi? 
•ulpho-bjvtratc  oC  il  MIA 
■ulpbo^mohtHlAic  of,  ii  USi 
t(sn;liloro.AuraU'of,  lu  K£i 
terrhlorculiyflraffyntt  of.  It,  8M0 

IfAfnctk  ore  ai  Irrm,  t.  4eu 

pnipcTtiO'  itf  lfoil|  l«  AM 

MaUc  Mid,  iL  70 
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•mile  of;  a  m$ 

unmontA^UulfdMlwd    tCMtttuxkdc 

df,  It.  754 
flumnobUMuJphaii*  oT,  IL  739 
anUaioftUftrar.a  SMI 
anflnoMiileof.miM 

ticiinMl»or.iL«M 

tiLnuUleof^liaiH 
biiuir*enUte  of,  U.  Htl 
blieknIleoCii.  Ui\ 
biiii1pfto,Oirbi:inAt«  of,  IL  SM 
borate  of,  II.  :ii»t 
bromtde  or,  IL  S46 
caoil>li<>f«€  nf,  Ii  ."^6 
cwbntMle  of.  II.  tm 
dalartteof«tLfttB 
cUotiKaural*  ««;  IV  «S 
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dMIieate  «f.  iL  261 
ftTro>pl»aiCiinai»  of«  It  Tld 
fluoride  o^  IL  aM 
fluMdlOBteo^liaSS 
ItanBfttt  df,  il.  MB 
ftitBlMte  or,  Ii.  flOO 
AtDflsM  of,  ii,  AM 
hvwuulphkie  oi;  ii  &» 
hvpotulphiieolVlLABS 
UctAte  of,  SI  bsei 
Bulrt*  of ,  IK  SfiS 
Bolfbditetir.ll.SM 
iiitnteof,iL3aB 

oottbtte  of,  (u  aiia 

plMM|lhiMO<,lL2iO 

iii(iMteiii;iLMa 

poCi«h.scsMiul*ulph«ted  ■carjutoiLtde 

ofilLTfil 
pacaib.«ulp}ikte  of,  iL  701 
pOUfth-tartrate  of ,  U.  71I& 
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•IIICMtc  of,  h,  »l 
ftllvat«of,  liUfS 
iubente  uf.  ii.  MB 
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ftue«  limtr  4^,  iL  as* 
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•ulphitoof,  iLieS 
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^    ^-.■■■x  odd,  L  5iB 
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Mamarle  mid,  U.  lis 
Man|«roua«cld,lL  llQ 
lf«rltie  add,  ii.  187 
lUHloet,LM» 
Maicbn,  11.  414 
Matter  eavnpoMd  of  aUima,  i  3 
If ccniic  acM,  IL  111 
lidllle,  IL  !■ 
MdlltkBcId,  tLQi 
MeoMtilMrri  377 
itaettEtni  ealnmelaniua,  L  610 

dulrlK  L  0)8 
Mercnnr,  U  61  Ltnl  oT.  fllS 
acttote  of,  IL  M 
aiiunontft.nttrat«  oTi  il.  7I> 
BTOinonla  vulipllate  oT,  IL  796 
uninonla  trlaal«r«lo  of;  IL  71S 
antlmronlAte  oC  IL  AH 
AnwniAte  oT,  iL  flU7 
ticn*™itc  of,  n  IW 
biH^leriifc  *<,  lU  (IM7 
buulphat*  Qif,  U.  r»a 
bifruUih'W'vrtKNWde  ol,  IL  MV 
carbatcHatr  uf,  iL  COA 
ehloriteof,  ii  d|f 

CfVMlt«r»li  «» 

^liitinie«r,iiflB& 

fcfTJc7ii»o4kde  of,  U.  W 
ttu«rld««l(IL8»7 
fltM».4llmtfe  of.  IL  W1 
fliliiiUiaLa  of.  u.  HSS 
inal4ie  oT,  ii.  aW 

(•f.LLfleO 
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Vinc11ateor,U.eBQ 

oxalate  of;  IL  698 

oxide  of,  Mlts  of,  ii.  OM 

plMMphate  of,  ii.  697  ' 

pinate  of,  U.  699 

poCash^xaUte  of,  iL  780 

poUab.tartrate  of,  ii  796 

pyio-tartnte  of,  it  60» 

pynirate  of,  it  70U 

Mlenite  of.  iL  697 

silTate  of,  ii.  690 

•ubcartxmate,  ii.  607 

•ubcyanodide  oi,  ii.  871 

•uboxidc  of,  aceuted,  IL  691 
aneniatcd,  IL  690 
beiuoated,  IL  693 
borated,a690 
cani|»honited,  ti.  6BS 
chlorated,  iL  680 
chromated,  iL  691 
dtnted,  iL  602 
dinitrated,  iL  680 
fonnated,  iL  COS 
hypoaltratcd,  iL  680 
indigoUted,  U.  603 
iodated,  ii.  680 
lacuted,  ii.  692 
malated,  Ii.  693 
meUated,  il  602 
nitrated,  ii.  688 
moWbdated,  IL  691 
oxalatcd,  iL  691 
phaq>hated,  Ii.  690 
pinated,  iL  603 
•p]rro.mucated.  IL  693 
pyto^artrated,  IL  692 
•aUiof,iL6B6 
■elenited,  IL  690 
•eaqul-carboiiiated,  IL  080 
dlvated,  U.  698 
sinapated,  ii.  694 
•liberated,  iL  603 
•ubsesqui-nltrated,  Ii.  688 
subnilpbated,  IL  688 
Miccinated,  IL  603 
sulphated,  U.  687 
•utoho-napbthalated,  IL 

mipersulphated,  U.  68B 
unrated,  ii.  602 
tungsuted,  iL  691 
Yinatcd,  IL  692 
•uocinate  of,  ii.  090 
nilphate  of,  ii.  005 
•ulpho-areeniate  of.  iL  918 
sulphoLarse.nite  of,  ii.  9^ 
■ulphoumolybdate  of,  ii.  033 
■ulpho.napf)thalate  of,  iL  700 
•upemitratp  of,  ii.  (396 
Urtrate  of,  ii.  fW 
tellurate  of,  iL  605 
tetranitrate  of,  ii.  696 
Metal  of  cannoiu,  1.  60i 
Mineral  caoutchouc,  ii.  371 
crystab.  iL  400 
Ur,  iL  371 
Mineral*,  variety  in  the  composition  of  account- 
ed for,  i.  ^ 
Mirror  metal,  L  603 
Mi«y,  ii.  3C7 

Molybdenmn,  L  340— might  form  a  dye,  L  361 
aceute  of,  ii.  741 
ammonia-carbonate  of,  IL  777 
ammonia-carbooated  blnoxide  of, 

U.7n 
amroonia-phosphate  of,  ii.  782 
ammonia-tungstate  of;  IL  785 
arveniate  of,  il  740 
borate  of.  iL  740 
carbonate  of,  iL  740 
chloride  of,  iL  823 
chronute  of,  il  740 
dcutoxide  of,  acetated,  U.  743 
arseniated,  tL  742 
borated,  iL  742 
chromated,  iL  742 
nitrated,  ii.  741 
oxalatcd,  ii.  743 


0^  pboMwtcd,  fi.  741 
quaterjnolybdated, 

iL74S 
salts  oi;  iL  741 
aUicated,  a  742 
sqrrinrted,  ii  743 
sulphated,  iL  741 
superchroinatcd,  ii 

tartraled,  a  743 
tontrtatcd,  iL  743 
ftrrcMTanodide  ct,  U.  8U0 
nitrate  of,  IL  740 
oxalate  of,  ii.  742 
phosphate  ot,  IL  740 
potash-catbooated  devtoxide  oC 

IL779 
potash-oxalate  of  dentnxide  o^  iL 

potariutaitrated  deotoxide  ollii. 

^796 
protoodde  of,  salts  of,  il.  73) 
•oda-caitxmated  dcutoxide  of,  iL 
780 

toxideof,iL790 
ie  at,  VL  f4L 
s  of,  iL  740 
salpha«rseniate  of,  tt.  019 
saJpho.4uraenite  of,  IL  ft?? 
•alpbo.47anodide  of,  IL  890 
tartrate  of,  a  742 
Mblybdetorinm,  L500 
Molybdicacld,l.SS5 

acetated,  a  745 
arseniated,  IL  745 
borated,  iL  745 
chromated,  IL  745 
nitrated,  a  744 
oxalated,  it  744 
pbospbated,  a  744 
potasb-oxalate  oi;  a  790 
salts  of,  IL  744 
suodnated,  iL  745 
sulphated,  IL  744 
tartrated.  IL  745 
Molyhdoos  add,  what,  L  356 
Moroxylicocid,a02 
Mortar.  1.  410 

water,  L  441 
MomOc  gold,  L  579 
Mudc  add,  a  85 
Muriate  of  silver,  L  631 
Muriates,  a  193,  809 

Muriatic  add,  IL  187:  L  107— oonmositioo  of,  L 
lU8-properties  of,  L  108 
ether,  IL  310 
Musical  tones  by  the  combustion  of  hydrogen 
gas,L101 

N 

Naphtha,  a  366 

Naphthaline.  L  205 

Natrium,  L  413 

Neutral  compounds,  a  S6Q 

Newton*s  explanation  of  chemical  phenomeni, 

L30 
Nickel,  L  5S6— how  obtained,  L  528— prapexties 
of,  L  530  ^^  ^^ 

aceUte  of,  a  601 

ammonia-nitrate  of,  IL  774 

ammonia-oxalate  of,  ii.  7V7 

ammonia-phosphate  of,  IL  7S2 

ammonia.sulphate'of.  a  7M 

anlimociaie  of,  ii.  600 

aneniate  of,  IL  590 

aspartate  of,  IL  603 

bensoate  of,  IL  6i)2 

binanenlate  of,  iL  600 

bisulpho-carbonate  of.  a  906 

borate  of,  IL  OOU 

carbonate  of,  a  508 

chloride  of,  IL  81S 

chkmMiuratc  of,  iL  833 

chloro-bydrargyrate  of,  ii.  831 

chloro-palladiatc  of,  ii.  838 

chloro  platinate  of,  iL  837 

chromate  of,  a  600 

dtrale  of,  a  608 
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dimiphmiK  or,  u.  am 

fl!rr<M:3rwMdld9  of.  It  W7 
lerro-wlpliil*  of.  iL  109 

fluorklt  t>r,  JL  9» 
Auo-tilicaie  of^  it,  MS 
fomuite  of,  il.  0(W 
lUlniliMle  of,  11.  880 
kactal«or,  iLfiO!* 

nltrste  af,  (l  sm 
olcaUr  of,  IL  609 
itxabte  of,  ii  601 
piKtcphjtr  of,  ii.  3130 

piiiAU*  of,  m.  mn 

lK>tjij|i.iui|>hjitc  of,  1L  701 
paU«h  .tartrate  n(,  iU  TM 
pyro-mticiitf  of,  iL  tiinf 
Mlti  at,  pnft0Xiiic  of.  IL  3I« 

auljcAriioiiiiitr  of,  ii.  Iw 
•u)ii»ilrAU%  ii  MiH 
luti'ciuAtc  of^  it  (''(li 
fUtpllO^nMtiAlo  »r,  iL  017 
iMlyift  irMnititf  uf.  ii.  t«^i 
•til^Jbi^CY»< iodide  of,  iL  mi 
•ulhho  inulvlHlati*  of»  iL  033 
»ul(ihv.ua|.hihaljil«  (if.  U,  cm 
•ul(.l>a»e  u(,  iL  i*l7 
tAitratir  of,  il,  (MM 

Nihil  Album,  i.  54S 

Nitic,  ii  4in 

flxtil  1)7  chAiroal,  it  409 

NUrtc  add.  I,  Ji^  ^  iL  i— cntiit>Mitkiti 
^— |)Ow  otiUitird,  ii.  (Ji— imipfittict, 

>ritric  rthrr,  iL  :il7 

WitriiCT,  i   \r:—do  nol  e«i«t,  L  l«* 

Nitrri-I«uric  tcid,  ii,  Icil 

Nitxo-ucchark  «cuL  ti  Iflai 

NllroiM  icid,  L  |]»,1l 


of,  L  131 
ii-7 


attUi^ 


dcphl 


i  lltt 


v«po«v.  L  130 
Nllnnlo#|io«M|ft,l.  I«0 

Kllruinflxini.li40SI 

Noble  biM«,  L  mt 

Noriihauipti  ■ul|>lturi«  add,  il  0 

Nutg«Lli»  It.  IV 


Ochroita,  L  4411 

Oit  ipuj.  iJWU-condenMtioii  of, 
«*» 

uf  (urprtitbie,  ofOficrUaft  el;  II. 
out.  drying .  iL  M 
f4l,  iL  350 
iix«d,  ii.  3M 
Oils  »oUd.  ti  »l 

volatile,  iL  33* 
Olefliiit  HMM,  I  IW 
Okie  acid,  iL  1/1 
Oliven  ore.  aricDlur,  IL  <m 

priimaric,  IL  OM 
Qvtuium,  allor*  nf,  I,  060 

turpJiureU  of,  L  flW 
Ore*  of  I  rot),  L  4«(l 

Oiitutim,  I.  iMKi 

rhhmiim  of,  L  B07 

Oaailca  r 


of. 


of»L  m 


0Lidc  Of  Inamuth,  L  006 
radiuium,  L  dM 

Okida,  what,  L  U 

of  ciiluiiililuin,  L  tit 
chrijiniuin,  L  339 
rvJiAll,  i.  :5» 
rn|>|HT,  i.  MO 


I 


foid^t.  rm 


Oil«lBoriridiuBi,L08» 

irou,  L  490 

Ind,  L5a] 

niangantttc,  i.  .Ml 

uwrcurr,  i.  613, 1)I4 

fn<olybdniuin,  L  3&1 

nickel,  L  bai 

oimlum,  L  HM 

palladium,  L  (TJb 

phoiphtmis  L  y«3 

platinum.  L  IIOO 

rbodium.  L  mi 

•ilver*  L  tm 

tin.  L  S^ 

Utaalim.  L  93f» 

tungatm,  L  !ilt 

uraalum,  L  3i^ 
Oxidutu  fwroafvfMTicuin,  1.  48S 
OnYchkvrlde  ofiuliiliUTetled  caibon.  L IM 
Oxyclilor^carbDnic  Add,  L  17U 
Oxrm*  L  fl&— diacoverj  of,  53— J»ow  jtrcfMirttt. 

with  a  eomiMuad  hMe,  ii,  45 

aatt*.  11  rrrf 

Oi(fMltLArti  I,  Lao 

Oxybydrov  i    lOl 

Oxymiuiatlc  J'CUl,  i  u* 
OxTPtumlc  ACld,  IL  )£M 
P 

PaUAdluiii*  L  UTS 

arveaiata  of,  iL  TtO 

bwiioat^'-^  "   '"• 

citrali 

cyaiitHi ! 

duulpti.:.  ..,  .       J 

Aili«iliial«  oi.  it  tlb^ 

Uf^mm  or.  a  tio 

oltfiilccllllllO 

a«alal«  of.  iL  "JM 

adkid«  uT.  mUU  of,  U.  TIO 

•uTvlialr  of,  it.  im 

MtllilMMryatiodkde  i»f,  il.  ^«W 
Fanar(«  hdU«licA.  il.  4CB 
l*«nchytiuifc«UBn  mlnenlr,  I.  (ilS 
PanchyfaacofiH  qvtmvttuamt  L  6IS 


STBf 


P^chy  tDdt,  1. 318 
Ftatic  Acid,  IL  110 
Ptitromiida  of  eitnoiin,  IL  ZB 

pl»omboni«t  L  il0 
PpTchlcrrle  Mld«  L  <B 
Pcrchlond9  of  aBliaWBy,  I.  SO 
CTSOapM^  IL  3BB 
pIlcMfibaraa.  L  Kid 
Un.  L  im 
P^rfluoridt  of  mamganeK,  L  M3 
FMiodklv  of  jilUMpmu.  L  MO 
FtefOKide  of  btfiam,  L  4W 
ctrlntn^'L  468 
v,LAW 
LfldS 
tUI 
poCMdum,  L  tot 
tin,  L  57& 
Pecii9lo«  powder,  iL  41^1 
Per«ylphuret  of  anroK,  L  314 

poiaHiunt,  L  4Ubl 
tin,  L  :i7» 
Pefalitc,  L  118 
PMiolniin,  IL  38R 
Blllagi«Uc»ted  alkali,  IL  St  U  S4fi 

Phonmlocb  II.  »M 
PtKMfene  |Si,  L  1% 
Phci'f'lnHkr  adtt,  t  *"^^ 


sart-i 


add 

Plioaphoru*,  L  ■ejk^^^...- ..uiu  of,  with  u&y. 

frii,  L  d&— oa.Ml*!c  *£,  L  s^U 
Phaaphard  of  ■liuBlnum,  L*  450 
aneaic^L31l 
«ntilDci07,  L  325i 
iMrtuni.  L  AUb 
MiBuiii»  L  ono 
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riHMphuret  of  cadmium,  L  567 
calcium,  1. 4U 
cart)OD,L  2SS 
chromium,  L  340 
cobaU,  i  541 
copperLdM 
gludnum.  L  460 
•  •,  I.  «4« 


tead^i 


mangancae,  L  SM 
nickel,  i.  533 
potaasium,  i.  405 
■Senium,  i.  804 
•iWcr,  L  631 
strontium,  i.  494 
flulphur,  L  883 
thorium,  L  4n9 
tin,  i.  sns 
titanium,  I  986 
yttrium,  i.  4<B 
aiDCflTMe 
PhoH>hureCf  of  iron,  i.  501, 608 
mercury,  L  081 
platinum,  L 
I  hydroi 
fibeck,i.  eOD 
Pinic  add,  iL  145 
Pitcoal,  ii.  373 

Platinum.  L  656— how  reduced,  I  656 
acetate  of,  ii.  718 
alumina,  sulnhate  of,  il  708 
ammonia,  sulphate  of,  iL  755 
barytet  tulphated  peitnkie  of,  U.  797 
bitulpho-carbonate  of,  iL  SMS 
cyanodide  of,  iL  879 
fluoride  of,  iL  897 
fluo-aUicate  of.  iL  88S 
Eliminate  of;  IL  885 
niirate  of,  iL  718 
peroxide  of,  aracnleCted,  IL  717 
natfldTiLr 


Ftionhuretted  Aydrogeni  ^  ^ 


.717 
camphorated,  iL  718 
chromated,  IL  717 
iodated,  IL  717 
nitnlted,  Ii.  717 
oulated,a7n 
potaah-Milpliatc,  U.  764 
lalta  of,  IL  7IA 
sulphated,  U.  716 
potaih^ulphate  of;  IL  764 
protoxide  of,  saltt  of,  ii.  718 
«oda. nitrate  of,  ii.  775 
■oda..sulMuIphated  peroxide  of,  iL  797 
sulphate  of,  iL  718 
sulpho.4ir8eniate  of,  iL  919 
sulpho-arsenite  of,  IL  986 
8ulphOi4;yanodide  ofl  IL  889 
sulpho-molybdate  of,  IL  934 
Plumbago,  L  154 
Plumbum  corneum,  L  564 
Pompholyx,  L  516 
Ponderous  spar,  i.  422 
Potash,  L  391,  399 

aceUte  of,  iL  430 
allentoate  of,  iL  441 
ambreate  of,  Ii.  439 
ammonia-oxalate  of,  IL  786 
ammonia.4ulphate  of,  iL  750 
ammonia-tartrate  of,  iL  791 
hortvUrtrate  of,  iL  804 
antimoniate  of,  iL  484 
antimonite  of,  iL  484 
arseniate  of,  ii.  481 
arsenite  of,  ii.  488 
aspartate  of,  ii.  441 
benzoate  of,  iL  435 
btbenzoate  of,  iL  435 
bicarbonate  of,  iL  417 
bichromate  of,  ii.  486 
binuirgarate  of,  iL  437 
bimcUate  of,  iL  4.'il 
binacctale  of,  iL  431 
binambreate  of,  ii.  459 
binarseniate  of,  ii.  481 
binitro-saccharate  of,  ii.  441 
binolcatp  of,  iL  438 
binoxalate  of,  ii.  489 
bipho«tpbate  of,  ii.  419 


I,  biadcmle  oi;  IL  481 
taWlTate  oi;  tt.  430 
Matearateo^lL4aB 
blsulplMtoof,iL40ft 
biaolphtti  0^  IL  400 
bitartrateoi;  0.438 
biTinate  oi;  tt.  434 
boleUleo^U.485 
bonds  of,  Ul  4tBt 
borctartrate  oC  804 
faramate  o^  IL  4lfr 
butyntoe^  11.468 
camphonte  of,  IL  495 
capraiteof.tL48» 
cutuoCateoCtt.440 


OIL  IL  416 
Mi.  418 


ctalorat«o<;i 

cfaloro-afannf  ei;iL  884 
choletterate  oi;  IL  490 
chfomste  of,  iL  4ai5 
citnitooi;iL4S4 
columbate  oi;  iL  487 
crooonaleol^iL435 
crotooate  of,  IL  430 
cyanate  oi;  IL  87i 
dlpbeqdiale  of,  IL  480 
fluo4wi«teQi;iL8ao 
flMMQluiitetooC;  IL  864 
fliwwtltaniatr  oi;  IL  865 
ftmato  ut;  IL  431 
fUminateof,  IL  876 
Amgateof,iL  434 
■allateo^lL435 
Eiroate  of.  iL  438 
bydrofulphaCe«i;a441 
hypoBitnte  of,  IL  4U 
hypophoiphite  ofl  iL  481 
hypoMilphate  of,  ii.  400 
hypowlpliile  of,  IL  406 
todateoSTu.  415 
lDdigotateof,iL4IO 
malate  oC  IL  494 
manganate  of,  iL  488 
maig^orate  of,  IL  437 
meoonate  oi;  iL  495 
meOate  of,  iL  431 
molybdate  of,  iL  487 
mucate  of,  iL  434 
muriate  o^lL  810 
nitrate  of,  IL  406 
nitro-saccbarate  of,  IL  441 
nitro-tungstate  of;  IL  808 
oleate  of,  U.  438 
oxalate  of,  ii.  488 
phocenate  of,  ii.  438 
phosphate  of,  419 
phosphite  of,  iL  480 
pinate  of;  iL  440 
pyrodtrate  of  ii.  434 
pyromalate  of,  iL  494 
pyromucate  of  ii.  494 
pyroUrtrate  of,  4ai 
pyrurate  of,  iL  441 
quater.oxalate  of;  iL  48B 
quater.Mlenite  of,  iL  484 
ridnate  of,  ii.  437 
■alU  of,  it  401 
•deniate  of,  iL  483 
sdenitc  of,  ii.  484 
sesquicarbonate  of,  IL  418 
sesquisulphate  of,  iL  404 
sUicate  of,  iL  488 
silvate  of,  ii.  430 
stearate  of,  iL  436 
suberate  of,  iL  436 
succinate  of,  ii,  435 
sulphate  of;  iL  403 
sulphite  of,  iL  406 
sulpho-chromate  of,  ii.  808 
sulpho-naph*halate  of,  iL  441 
sulpho.vinate  of,  iL  441 
tartrate  of,  iL  4:il 
tellurate  of,  IL  484 
titaniate  of,  iL  487 
titanio-silicate  of,  iL  904 
tungstate  of,  iL  487 
vinate  of,  ii.  434 
uraniatc  of,  iL  487 
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;  ii  6141 
ate  or,  iL  «l 
ikwo-linliwv^rfiiCo  of,  tWI 


diloro  iKllltitf  o(,  U.  Mi 
aitoro  ptotiiirte  of,  a  fiM 
cliJoro^f  lltfdlai*  of,  iL  SW 
cymnocUd*  ti,lk.Mn 
ferroMoodMltt  or.  Ii.  tilil 

ftuortds  of,  IL  fum 

kijdSde  af»  U.  titH 
didu-ti^flrarjcirrattf  oft  U.  ifti 
»Lnttuiu.tui|>>u]^«wM»>at>  of,  U.  1K20 
«ul|,iliLWArsniuU<  of,  IL  9lt 
iulplto-amnilo  of.  U.  Ml 
tull^oMCftiiarfMo  oCi  ^  00 

Ml|l«M>.aMt)lMlotC  q4  lk«W 
aii)|)l»o-h7«lnlo  Q#,  ilk  Wt 
l«rchlo«Kirtdlal«  oi;  IL  «!• 

FtloM'^  t»eul,  L.  (Ml 
VMitar'w  ink,  \L  X^ 
PkooT  ninu,  vtua  ?  IL  tra 
Ftott^dMv  of  plM^plMrai,  L  Ml 
Pmadttortii  «f  liM,  L  41K 

tin,  L»T5 
Protottide  df  aioie. »  "•>    T-'-^rtk«  of,  116 


D  bht^  a,  toil  MM 

iokittK  H.  na 

ffretii,  il,  M 
rnittlate  or  |Mi««ai,  li.  St^  949 
PiVMialM,  lU  «I0 
FlWiiv«iB«ckf,  Ii  «4t 
iPiMlding  arec***.  L  IM 
FteplBarGMiu«,ur*l4 
Fmpaife  aelil.  ii.  Mft 

lWcltrieMlii,il,7i 
PynUltalc  ad4»  It  110 
Fyrs-luillt,  i.  &I0 


^tl 


ockLtLM 


]*Fro.l»tacte  add.  tt.  TO 

Ptroxy11c«Dirit,l(. 
l*3prurtc  acid. 


:ati 


,  Ii  ibS 


^hMtcrpmulphuret  of  potiinuin,  L  410 
Oiulrr*ul|thur«t  tif  potanfum,  i  100 

er^LaOB 


Wagatm  of  ootlmenjr^L ; 


RhocHura,  L  IHO 

BCoUM«or,iiiyi 
ai«oaUt«  uf.  IL  Till 
Blttalt  of,  ik.  TVt 

iOdS-«itrf«le  uf,  iL  TUl 
mmU^ Urate  uf,  iL  "HO 

Rode  satt^  IL  OH 
Rum,  U.  i»l  ( 
Rupcrtl*  HMtal,  I  OQO 


&ictac1icacUt.li8n 

Sal  akmbrdtli,  il  VtiS 

SmM  uumoDiac,  t  1311 ;  II ,  0(9 

bichlnr».h jdrarfyratv  til  II  W& 


|Mf«lu««|luirl. 
1  BraBiilail  iMulral, 


Ii  409 

oriloo«wr*iL4XI 
cMVfiltal  of  IrauNM^  tl.  4lll 
uafToUCt  L  SU 
•rdaUire,  L  iH 
of  Urt&r,  U  3M 
wbdO(l^LLtatt 
wood  Mtml,  iL  40 
iwtro,  Llllj  tt.40e 
8atta,ii3rn 

nhj  nocv  aUUt  llMB  llMit  eoortttuctiu. 
L4I 
Saponuk*.  it  310 
Saturn,  tufar  oT^  IL  040 
8avv«iutes  kt'  3411 
Ot^bwlc'i  ftTc«n.  it  im 
OdMcUtim.  L  310 

lioorte  oTiron,  nature  of,  1 4H3,I04 
»w  aalt,  tcffonertttad,  H  910 
flni  wax«  It  »» 
Ocbacic  acid,  ii  W 
Seem  fDUatod  aarlli  of  tartor.  IL  430 
SdcDiet  of  aliimlniiB.  L  450 
,  L  3S1 


oriiCTi,L4gl 

Sevquubfdnt  of  pboiplMinii,  k  090 
SttquUodide  of  aiitiinoilf ,  t  M% 


«o*OiL«Kklt«r 


LUO 


L01& 


8ea«|Ui-«Ullillun>l  nr  arMnlLc,  t  3li 

tin,  t.  oni 

ShoM  nTatAou,  L  lA^-m 
^ |olhli,L 
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said,  L  822,  S84 

•oda-carbonate  o(^  U.  730 
SUiceout  eartb,  i.  221 
SUicet  of  hydrogen,  L  229 
iron,  L  501 
platinum,  L  OSS 
potaMium,  L  406 
SUidc  acid,  i.  224, 22&,  a  10   atfimic  weight  of, 

1227 
SUicou,  L  221-chloride  of.  L  228 

sulphuret  oi;  L  288 
SUTer,L627 

accUte  of,  iL  710 

ainmoniaJiypogul|4iite  of,  U.  772 

ammonia-nitrate  of,  ii.  775 

ammonUt^ulphate  of,  iL  Ttt 

ammonia-tulphite  of,  li.  772 

antiinoaiateof,iL709 

anenite  of,  iL  708 

bensoate  of,  iL  712 

biculpho-carhonate  of,  IL  900 

bolcCateof,iL71S 

borate  of,  iL  708 

campborate  of,  iL  713 

carbasoCate  of,  ii.  713 

caibooate  of,  iL  7U5 

calcareoJiypotulphitc  of.  IL  773 

citrate  of,  it  711 

chlorate  of,  iL  705 

chromate  oif;  iL  700 

coin,  purity  of,  L  638 

cynate  of,  iL  874 

cyanodide  of,  iL  871 

formate  of,  in  711 

femM^aoodide  of,  iL  806 

fluoride  of,  iL  857 

fluo-filicate  of,  ii  863 

fulminate  of,  iL  884 

Aingateof,  iL  712 

hypo^trite  of,  U.  704 

hypo-culphate  of,  iL  7W 

hyposulphite  of,  iL  701 

iodate  of,  iL  706 

indigoUteof.  iL714 

lactate  of:  iL  710 

malate  of,  iL  712 

ineconate  of,  ii.  712 

mellateof,  iL7Il 

roolybdale  of.  iL  700 

mucate  of,  IL  712 

nitrate  of,  ii.  702 

oxalate  of,  ii.  709 

oxide  of.  salu  of,  iL  700 

piiiateof,  iL  713 

potasb-mellate  of^  ii.  791 

potash.oxalate  of,  n.  789 

potuh-«u]phite  of,  iL  772 

pota«h.tartrate  of,  ii.  796 

pyro-mucate  of,  ii.  712 

pyro-phosphate  of,  ii.  706 

pyro-tartrate  of,  iL  711 

selenitc  of,  ii.  708 

•ilvatcnf,  iL  713 

soda.hypo«ulphite  of,  iL  773 

strontian-hyiHMulphite  of,  iL  773 

suberate  of,  iL  713 

subsebqui-aneuiate  of,  ii.  707 

subactqui-phosphate  of,  iL  706 

succinate  of,  iL  712 

sulphate  of,  iL  700 

sulphite  of,  iL  701 

•ulpho^arseniate  of,  iL  919 

sulpho.arsenite  of,  iL  0ii6 

sutpho-cyanodide  of,  iL  889 

sulpho-molybdate  of,  ii.  934 

sulpho-naphtiialate  of,  iL  714 

tartrate  of,  iL  711 

tellurate  of,  iL  709 

tungstate  of,  iL  709 
Silvio  acid,  iL  149 
Sirailor,  L  000. 

Simple  body,  what,  L  l->oumber  of,  2. 
Simple  oxygen  acids,  ii.  3 
Simple  substances,  L  51 
Sinapic  acid,  ii.  181 
Size  of  atoms,  how  determined,  i.  13 
Sleep  produced  by  hydrogen  gas,  L  97 
Smelting  ol  iron,  L  481 


Soda,  i.  412, 415 

^  acetate  oi;iL  464 

alum,  iL  766 

•  of,  u.  7B3 
eor,iL789 
of,  iL  750 

and  alumina,  carbo-tartrate  o^  iL  804 

aabydrous  sulpbate  o<;  iL  444 

antimoniate  of,  iL  461 

■ntimooite  of,  iL  461 
eor,iL49^ 
eo(;a470 
eof,iL467 
(or,iL4a0 

bicnfoooate  of,  a  454 

taicfanmiate  of ,  a  468 

biinarsaiateof,iL4e0 

bimeconate  of,  iL  497 

MnancnUte  of,  IL  450 

biiMlc«teo^a469 

binozalateof;a463 

biphosphateof;ii.457 

Uaelenite  of,  ii.  461 

bistearate  of,  iL  468 

bisulpbate  of.  a  445 

biaulphite  of,  a  447 

Utaitrste  of,  iL  465 

bom-lartnteoi;  iL  805 

bromate  of,  IL  440 

butfiate  of;  iL  469 

can^ihorate  of,  iL  467 

caproate  of,  a  469 

carbaaoUte  of,  IL  469 

carbonate  of,  iL  450 

carbOLphonbate  of;  a  808 

chlorate  of;  a  449 

cholesterate  of,  ii.  469 

chromate  of  ,  a  462 

dtrateof,iL4Q6 

columbate  of,  a  462 

common  kulphate  of,  a  442 

cjranate  of,  iL  873 

ftt.iodale  of,  a  450 

flao.borate  of,  iL  8S0 

fluOi^olambate  of,  iL  865 

flnosUicate  of,  iL  861 

fltto^titaniate  of,  a  866 

formate  of,  a  464 

fVilmiiikte  of;  iL  877 

gallate  of;  iL  467 

hydro-carbo-sul^ate  of,  470 

hypo.«itrite  of,  li.  449 

hypo.phosphite  of,  ii.  457 

hyposulphate  of,  iL  447 

hyposulphite  of,  a  447 

iodate  of,  iL  449 

iodo^hydrargyrate  of,  iL  851 

kinate  of;  ii.  467 

lactate  of,  a  464 

malate  of,  a  4^ 

manganate  of,  a  463 

margarale  of,  ii.  468 

roeconate  of,  a  UT7 

meUate  of,  ii.  465 

molybdate  of,  iL  462 

mucate  of,  ii.  466 

muriate  of,  a  811 

nitrateof,  iL448 

octo-hydrated  arseniate  of,  IL  4.'iB 
carbonate  of,  ii.  4o3 
phosphate  of,  iL  455 
sulphate  of,  a  445 

olcate  of,  ii.  469 

oxalate  of,  ii.  463 

phocenate  of,  iL  469 

phosphate  of,  iL  454 

phosphite  of,  ii.  457 

piuate  of,  iL  409 

potasb-arseniate  of,  a  784 

potash-chromate  of,  iL  784 

potash^xalate  of,  ii.  788 

potash-phosphate  of,  iL  782 

potash-tartrate  of,  iL  792 

protohydrated  cartmnate  of;  a  452 

pyromucate  of,  iL  465 

pyrophosphate  o^  a  456 

pyiDlartrate  of,  iL  466 

pyrurate  of,  a  470 
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Soda,  etialeTwIfnlte  of^  il  481 
ncinatc  of,  H.  44)M 
Mtti  »f,  II  4W 

lelectitc  oLlt  m 
■eaquUcaniotmtp  of,  (1.  433 
»i-m\u:  I  itjunaie  of,  4M 

iuWrutt  fjf.  (L  4<B 
tulphi^t'    '         " ''' 

*iiii|j'er  iL  sns 

iuL|.li  of,  U.  4m 

•ul|.[j.. ^-.    ,,  ,L.  170 

tATtr«tc'  0< ,  IL  4iiiij 

U'lJunte  of,  a  iUll 
tunpt^tc  of,  ii^  41191 
vijijite  of,  ii.  4<ia 
urate  of,  tl  47U 
Sodium,  t  41V,  414,  415 

mnaonJAijulpliOi^fMnlfltie  ell  tL  91g 
|ileiltort>.hydnugn«l«  of,  IL  HTT 
bkhk)rQ.UidUt«  of.  li.  UL 
MHuorid^  of,  iL  S53 
|l4«ulphowcaibofMto  of,  ii  IM 
bromide  of,  M  843 
chloride  of,  11  911 
qonodide  oU  H  9m 
rh1<>r<waurate  of,  iL  SStf 
cMam.p«]ladl«t«  of,  IL  8S8 
c?il<iro.lj44tia»i«  of,  iL  fO^ 
chluftvrliodiate  of*  ii.  iQ0 
«liJaro^4tAiiniti» of ,  iillaO 
itamM!yanodi<le  of,  li  «» 
iuorido  of,  tL  Bfie 
Iodide  of.  LLfl4fl 
iodo-h  rdrargrrate  of,  U.  Sftl 
K»quichk)ro.lridisbe  of.ilL  810 
«uJi)bo.jin«niate  of,  li  013 
■nipliajwcDite  of,  iL  g^ai 
Ml|ili»«ymnodld(*  of,  ii.  HT 
•ulphoJiydratc  nf,  tL  MS 
■ul(plio-iiU]ljrtKUte  offt  li  ttSD 
Soluiic  Mill,  ii.  U 
8nH<t  fliU.  ii.  :i51 
Bolutloti,  ii.  S61 
Sorbk  i&iid,  ii.  77 
SonTt  ii.  M7 

Soyod  dlBiinyiMd  In  lifdnfn  ga^  L  0T 
llpeciflauii  fNUiuM^  IL  410 
Spirit  of  nlulLm 
Splint  coal,  ft  374 
8lMric«dd,ii  in 
SleariAt  of.  ii  ^m 
8lMl«  L  ia&-^iftaf«4, 4BB-lttlfd,  4011-cut,  4SIS 

<-f)ra|MttlM  of;  407— ea«#Oillloa  of;  40i» 
SUvun  Un,  L  510 

^  I  431, 49»-liiMMi  tm»  rad,  i  433 
aoMate  of,  U.  Silt 
anbydrouft  nlttal^,  li  107 
afientAie  of,  iL  JMXl 
benioate  or,  IL  HH 
Mtnoialc  of,  li  fittl 
UBouUte  of,  IL  »l 
I  Of,  ii.  ^00 
ate  of,  a  504 
^unphorati'  of,  U.  5(14 


Siroiitlui,  namipBale  of,  M.  Sfil 
luiiarabt  of,  tL  jui 
mvlblt  «l,  ii.  ^Mi^ 
nolybdal*  of;  11.501 
inuoalt«(f,lLfii(B 
oleit*df,fi.M4 
oxokle  of,  11,  fiOl 
pikiccaatc  of,  ii  504 
phoiphAleof,  1L4M» 
ph<M»blie  ol,  iL  500 
pota«li.iarttate  of.  IL  II14 

nltAoCiilOa 

«eleniteof.lL500 

llUcate  of,  U.  50U 

•inapate  of,  \i,  505 

fttL'ar«tc  of,  IL  5(H 

«uber4te  of,  li  Mi 

■ucciiuite  uf,  II,  SOS 

vulphKtt!  of,  iL  4U5 

sulphite  of,  li  Mm 

wtpbcwDapbttiaUtvof,  U.  506 

tartf  Ble  <<  il  **)i 

vinale  of,  ii  5lXJ 

unic  uf,  ii,  bU^ 
Strontiuro,  i  4:M),  431— pcrtrxUlo  of,  L  43S 

lil*uij^»ho*CArbati«le  of,  ii  906 

chloride  of,  k  4£I 

chloro-aurate  uf,  li  BQS! 

chlort>.h>drarK)mltf  of,  li  MS 

ch]ior<k|)UtifiAte  of,  ti.  105 

ftno^craoodidt  vt,  U.  OKI 

Ouorlda  of.  U.  854 

Iodide  of,  &  010 

ffulpho^arieniAte,  ii  015 

«ulf>ho»c>'AncMl^dcr  of,  ii  H87 

«ulpho.hj:dfate  of,  u.  )IU4 

iulpho-mol)rbd«tc  of,  ii  U<tt 
Subtil  loiide  of  cojiper,  i  ioci 
ijuberic  aeid,  ii  1 17 
duMiuiAtum  duke,  i  018 
SkiiM&ktc  of  cupper,  i  6HD 
tfircrcu  rr,  i  613 
polaMium,  i  SO 
♦ll»«r,  L  ^i 
^h*04ip*.  11340 

iyut»ulphurouf  acid,  i  SAtt,  IL  SB 
Suociolc  aeld.  IL  mt 

5«ifar,  bow  formed  Uf  tiUpbtirlc  add,  iL  35 
of  jdne,  IL  lew 
laad,U.640 


IL  IM) 

mlUu'aeid  of.  IL  85 

■alum,  li  t-W 
Sulpbldea  of  axKfiiir,  L  ^IH 

lUiiimuiiy.  i  £05 
iDOlytadattitm,  1.  a» 
SttlplMvatiliinonlalei.  IL  049 
ikilplHMneiitaltt.  li  010 
SuiplKMinenilaa,  IL  8» 
Milpbo.«T«jiic  elhar,  li  310 
S<ulpiio^<(faiKHttdca,  U.  00 
SuliilK».eirana«RH  IL  044 
Sulpbo-bidralai,  IL  801 
e»iilpbo.aaoiyiidaleib  U.  0» 
OulplKMivplitlialte  add,  li  177 
OulptuwHak  aeid.  IL  ITU 

Oulpbur,  L  lia»-cliloridc  af^  770 

why  It  dgeompaaai aKtaiPc aahk*^  i  U 
■dd  ■aHa.iittlNioiMiidBlureoifJiwl 
acids  it  S55-lJiblc  oiC  iL  mo 

diloro>pba«pbliret  o<;  L  OBI 
bydro.^HHpb(ii«C  of,  L  085 
pnoapiiiiivt  (<  i  m 
Jkilphtuit  of  aiiaalacua.  i  4M 
tiaiitta,L400 


bovon,  L  080 
f^nyiiifn  L  5 
CMteliiiii.  I  Ui 
cariuni,  i  um 


LS4i 
L4(R) 
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SnlpbureC  of  nutnguMM,  L  »4 
fwUMllain,  i.  078 
telenium,  i.  89ft 
•iUooii,L«8 
•ilver,  i.  634 
•tronUum,  L  434 
thorium,  L  47B 
uranium,  i.  348 
yurium,  L  4fB 
siiic,L540 
liroonium,  L  4f74 

SulphureU  of  anenic,  i.  3lt 
cubalL  i.  Ml 
columbiam.LS76 
copper,  L  565 
iron,  i.  503, 504 
lead,  L  565 
mercury,  L  081 
nickel,  L  534 
otmium,  L  OM 
platinum,  L  OOR 
potBMium,  L  406,  400 
tin,  L9» 
titanium,  L  380 
tungften,  L  »08 

SulpbuicCted  chyaile  add,  H.  Ml 


hydrofcn,  L  873 

1.  i.86^  IL  2»-«nh]rdioaa.  IL  31- 


'no,bonteor,ii.«65 
bromide  of,  IL  845 
campborate  oC  IL  657 
carbonate  oi;  U.  054 
cbromate  of,  ii.  655 
crooooate  oC  ii.  6B0 
C7aiiodldeo4U.870 
tero.cnio^de  oi;  U.  807 
lliio.elfic8teor,lL88S 


»or,ii.858 
Connate  of.  U.  656 
bypomlphite  of,  iL  059 
laeuteo^iL6dO 


Sulphuric  add, 

how  fiumed,  iL  SB 

compound  aalti  of,  IL  750 
eCber,  iL898 
Sulphurous  acid,  i.  868,  il.  37 
Soperolefiant  gas,  I  197 
Supooxide  of  lilver,  1.  On 
Supporters,  simple^  L  58 
SylTanit&  L  890 
Sylvius,  digestlTe  salt  of,  H.  810 
Ateifti8esaltof,a810 


Tantalum,  L  370 
Tartar,  U.  64,  438 

emetic,  iL  780 
Tartaric  acid,  iL  64 

ether,  iL  331 
Tartarine.  L  301 
Tectum  arsenU,  L  004 
Tellurettedbydirogen,  L  898 
TeUuric  acid,  iL  44 
TeUuriet  of  aluminum,  L  4.V7 
glucinum,  L  400 
Tellurium,  L  ^95 

arseniate  of,  ii.  783 
benzoate  of,  ii.  723 
bichromate  of;  iL  783 
chloride  of,  H.  883 
chromate  of,  ii.  783 
iodide  of,  L  896 
raolybdate  of,  iL  783 
nitrate  of,  ii.  783 
oxide  of,  i.  897 

salU  of.  iL  788 
phosphate  of,  IL  783 
sulphate  of,  iL  788 
sulpiiite  of,  iL  788 
tungstatc  of,  ii.  783 
Tempering  steel,  i.  491 
Teroxide  of  manganese,  why  decomposed  by  sul. 

phuric  acid,  L  41,  but  not  by  nitric,  L  48 . 
Tersulphuret  of  molybdenum,  L  360 

potaMtum,  L  408, 410 
Terra  pondotisa,  L  488 
TeUrto-carbo-hydrogcn,  L  800,  iL  308, 
Tetra^ulphuret  of  iron,  L  506 
Thorina,  L  475 

salts  of,  U.  565 
Thorite,  i.  475 
Thorium,  L  475 

bromide  of,  iL  8il 
chloride  of,  ii.  817 
fluoride  of,  iL  855 
Tin,  L  569 

acetate  of,  iL  656 

ammonia-nitratcd  peroxide  of,  iL  774 
arseniate  of,  ii.  (i55 
bcnsoate,  ii.  657 
bichloro^tannate  of,  iL  884 
bifulpho-carbonato,  iL  908 


eoi;iL657 
Bof,iL653 

jeor,iL658 

peRhlorid»oi;ii.8il 

penocid*  U,  salts  of,  iL  657 
aoetalcd.  iL  658 
antinoQiated,  U.  658 
chramated,  iL  658 
iodatad,  iL  658 
molybdated,  IL  658 
nittated,  iL  658 
pinated,  U.  G50 
aeksbated.  u.  658 
sncoinated,  iL  650 

pbuifttoCU.097 

plKisptohiof,ii.654 

potMb^artrate  o^  U.  796 
prococfalaride  of,  U.658 
subarateoCaOW 
succlMto«<IL6n 
stt4ihatoor,IL068 
sulphite  oi;U.  6)8 

»oi;iL918 


«■■■■■■■  «H,  m 

'niMiptaalsfl 
poUsb.carb 


MilpbMnaalle  ai;  U.  985 
sulplKM^ModKdeoi;  a  888 
siriphoanalybdate  vT,  ii.  983 
tartrate  oil  IL  060 
TinatooLtLOen 
Titanic  acMTLaw 

or»iL'748 

oi;tt.748 
nttmleoi;  11.748 
'       'ttl»of;iL748 

.carbonated,  tt.  IBO, 
of,  IL  747 
soda4»rboBate  of,  iL  790 
supersulphate  of;  iL  747 
tartrate  of;  iL  748 
TitanieCoriron.L5M 
Titanium,  L  377 

chloride  of,  L  385 
ferro.cyanodide  of,  iL  890 
Trito^axboJiydiogen,  L  196,  U.  301 
Tungsten,  L  361 

chloride  of,  IL  883  / 

Tungstetofiron,L500 
Tungstic  add,  L  366 

nitrate  of,  iL  746 
salU  of,  U.  746 
sulphate  of,  iL  748 
Turner's  yellow,  L  564 
Turpentine,  oil  of,  iL  344 
Turpeth  mineral,  iL  60S 
Tutenag,L509 


Vanadium,  L  701 
Varec,  L  413 
Varvidte,  L  581 
Vegetable  alkali,  L  301 
Vegeto.sulphuric  acid,  iL  179 
Verdigris,  iL  671,  ff73 

green,  iL  673 
Vermilion,  L  688 
Vinegar,  iL  48 

disUUed,  U.  50 
radical,  iL  48,  50 
Vinic  add,  iL  68 
Vitrifiable  stones,  L  881 
Vitriol,  blue,  IL  606 

white,  iL  610 
Vitriolated  ammonia,  iL  379 
tartar,  iL  403 
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UhnU:  M^  iL  105                                                         Yt 

trta,  Mknltr  of,  iL  AM 

UlmktiLs  a.  Itl& 

Mnqul-^nuiUU*  of,  it  !m 

Volatik*  oil%  it  3M 

■odji,  carboniilo  af,  ii.  780 

Vfilum««  of  ftloou,  tiMe  of,  i  14 

•ut>M!M|uiphcnipli4i«  i>f,  IL  IIAI 

Uranium,  L  941 

•ucciiiAtfi  ol,  iL  ki5iM» 

aauDonU-cwboMte  or,  IL  m 

■ulpb«te  of,  a  Wi 

Urliatc  of,  iL  aw 

trlum,  1,  4Htl,  402 

chlortv  h  f dmrffjimte  of  IL  630 
fcrro-rynnodiiTc  of,  iL  b04 

T88 

fluoride  of,  iL  SsVi 

carbmiAtc  of ,  il  739 

tutf>ho.arioni«tf  of,  ii.  Old 

chloride  of ,  li  ad 

fu:pho-Ai*enit«  of,  iL  ChtS 

nltnte  of.  U.  7Si                                      Vt 

pGroxUk  of,  acvtiicd,  IL  7» 

an^nlatedt  JL  Tft 

2 

tNiratad.lLl^ 

iie.l,M3 

MrtUt«  of.  a  OlS 

c«infilior«le«t.  11  im 

cArbtio^Iod^  it  79H 

anCirooniAte  nf.  ii.  (in 

rhranut«l»  iL  73? 

upftrUteof,  iL  <^l 

_                    GltratMl,  iL  TSy 

benHQate  of,  iL  n^l 

*                   faUBlfd,  iL  7») 

bkc«boii«teor,U.  flll                                                          ^ 
liiiwrwsnittto  ot  iL  nt6                                                       i 

inalArcd,  it.  TJD 

oKabtcd,  il  TMM 

iMiuitrfi.  U,  Ti> 

bHuHibo^ubomte  of,  iL  W8 

iqrniiartntiNl,  ii.  ui^ 

bont*  of.  U.  619                                                              1 

Mlla  of,  iL  TSi 

tiroaiidtoi:U.SIA 

butyrate  0f,  H.  «iO                                                          I 

ktiteiiitrd.  U.  t37 

wiK^uinitriiled,  IL  734 

aunpbO(nC«or,aiSiO                                                      J 
CBftonal«of,il6]4                                                               1 
chlorate  f*r,  a  «IS 

«IMkMl«d,li1S»^ 

iIilorMv  of,  IL  «Sa                                                                   \ 

Mlpkale«»  f  i.  73S 

ehlom.«urat«  of,  ii,  S13                              » 
ctilorA-hydnurxTTite  of,  U,  BSl                                         *, 
cJ)loro.p«lLMliAte  of;  IL  KS 

teJSwrf/lL^ 

ch1oro-plAUD«tc  of,  a  8EI7 

ttufiUled,  U,  7»j 

cholf?rterale  of,  IL  «f  1 

citrate  of,  iL  019 

iwlaA^lplMtooi;'ii'1»    ' 

cobalt-iulpbnta  of,  iL  771 

f^irnnmlidf  ttf    ii    Hlin 

ptotoxid^  Mlb  o/,  IL  738 

cyuiiMutur  oi,  ii.  jstiM 
dkiinHiMteofllLOl? 
iemMf  anodlde  of,  a  807 

pallrfMte  of,  iL  ':si 

•utpho-aneniAto  of,  iL  flIT 

itemMulplMteor,tt1l»                                                  ] 

u.c.-.s'fir™^'*"-" 

iiio.borat«or,aa(n 

<liinrid«or,U.ft»« 

Auo-tUicateof.aaflBI 

w 

fbraute  of,  IL  610                                                              1 

ftilmkiMteaf.lLBBl 

no^fttc  or.  tl  mo 

Wat«r,  compo.itkm  of,  1.  Oft-fimwtico  of.»- 
wtlfHt  of.  ICO-Mcrjrt*l.  of,  US-«  MUtnl 

body,  IH  IL  S«> 
collie*.  L  10 

lodMeoClLHO 

Wflidliigoflioml.4BS 
Wlillky,iL9S4 

lMtat»tirirfflf» 
Bilate  of.  IL  fl«) 

White  oopptr,  L  5flB 

WolfVwttmi«m,lM3 

owlybdatf  or,  IL  (113 

aiGkoUuit^aU  of.  M  771 

X 

nitrate  of,  iL  6U 

octakttiitrate  oi;  ii  013 

X*nthic  •eld,  iL  175 
XwttuCoU^Ii.  175 

oScsate  of.  ii.  (»0 

oa^aCc  of.  IL  61S 

oKkk  of,  iaiu  oi;  a  aoa 

V 

YnTift,l.4ft1,4«l 

loetate  of,  tl  SA5 

iiiii«i«  or,  u.  «i 

•neniAU*  of,  iL  ^53 

•ctenll«or.lL<ll0 

bcnioAtc  or,  a  ^36 

•Uloiteor,iLOUS 

bor«t«  or.  U.  bbk 

•iJvsioor,iLwi 

cwtjoiule  of,  IL  503 

•uberatc  of.  iL  &0 

chroinate  of,  iL  5M 

dllio«JiU4eo(;ii5&t 

«uhtcH{uJ  pb<»phal«  of,  U  <tJ5 

«ut]<ui|.hii«4>r,  aobr 

aiiaJiM«t*otlLR60 
f«Mtlkiteof,IL80i 

tuecioate  of,  IL  flW 

•ulphair  of,  iL  dlO 

^^^            niiiliteor,aeiO 

^^B           nftntet<U.:A&t 

^^H            cigukteor,iL5&4 

■iilpllo.iB0l¥to4ate  of,  IL  B«l 
ittlntio.Mphthalat«  of,  iL  (ttl 
taftnlsoF,  iL  6tli 

^^B            p«MMfdiat»of,U.ji» 

iidhamU  of.  iL  B17 

^^B         Mttiari;iLaao 

trt^ulplialrof,  il«U 
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ZlnCt  tinqiiUte  of.  U.  618 
TiiMte  of,  IL  fflO 
yellow  ftilmlnate  of,  U.  881 
Zircon,  i.  4a) 

ZIrconia,  L  470,  471.— Raeniblei 
i.  382 

accUtc  of,  11.  56& 

ammon'uucarbonate  of,  IL  737 

bMioate  or,  U.  M5 

borate  of,  U.  fi65 

carbonate  of,  il.  5M 

citrate  of,  iL  565 

diiiu1|>hate  of,  IL  Sm 

fliio.«illcate  of,  li.  86» 

RalUte  of,  ii.  &t» 

maUte  of,  ii.  A65 

niucate  of,  iL  M3 


ZireoaU,  muriate  of,  iL  816 
nitrate  of,  iL  56» 
oxalate  of,  iL  5(i3 
phosphate  of.  ii.  OCu 
potash-carlxMiate  o^  ii.  778 
poC«i0h^ulphate  of,  iL  7^ 
•altf  of,  iL  562 
■clenitc  of,  iL  V^^ 
■ulphatc  of,  ii.  5HS 
tartrate  of,  iL  b65 
trisulphate  of,  ii.  iM 
Zirronium,  L  442),  470 

diloride  of,  iL  81ft 
6uoride  of,  iL  KV^ 
nulphoLjirseniatc  uf,  iL  VM 
tulpho-arnenite  of,  ii.  ll^3 


f! 
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